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iissQfioimi. AiB nmmim-L s'smxns OP pYRifHRw 
Alp .SBROSSIE EXTRAGfS OF PYREfHRHM. 
1. 
Pyrethrm or Insect powder-, as It Is eoraraonly known, con­
sists o.f til® ground :fl#w©rs of the chrysanth^m daisy. There 
ar® ti»'«H® species of th© plant r®c©gni#ed as having insecticidal 
values-
gtorrsaiitliemiiai |P7r«tl^«a> einerarla ©f o 1 lian C^rev.) Boec. 
€;hryaantli-ea» tFyr«thr»i) eocein^m Wllld. (Syn. ^ yrethrtaa 
.rosema Meb.) 
^hrygantheiBMBi -Mar.aicha3.li Aschers. (Syn, Pyr^thmaa earnexam M.B,) 
So far ®s is Itnom, pyrethrttm powder was introduced into 
last®jm Europ®,©«rly in th© nineteenth century from th© Caucasian 
regions- Its ms® at thet tiae was largely fox^ the control of 
ho^ parasites such as lie® and bedbugs- fhe cultivation of 
pyrsthrus spread to other countries and it is now extensively 
grown in Balmatla, Franc®, and Japan* It was Introduced into 
the Wnit#d States shortly before 1860 and its cultivation her® 
has l>@en taken up aainly in SalijPomia, where it is also known 
as -Buhach*'. 
PyrethriM powder has bean most eosKnonly used in the powder 
fora as an insecticide for cockroaches, fleag^ bedhuus, and 
other homsehold pests. In more recent times the French have 
OTployed it extensively in the fora of an alcoholic extract 
imialslfied with soap, and used for the control of the vine^ 
Its ©mtstandimg propsrfey Is Its Mgh toxicity 
fOF ias®#ts and apparently all eoM-blooded aniiaals and Its 
apfarent afeaeae© of toxlelty to man and wam»l>looded animals# 
Reo^aiitly la tto© United States, kerosene ©xtracts of pyrethrtm 
have fe«©a preparatS and are feelag used for the control of 
iious®fli©8, iuosqultoes, «lofeli@» »otlis, gnata, and other 
similar liouseliold in®eets» Smeh a mse of pyr©thrum has 
been widely adopted in this com try as well as in foreign 
lands* Keroseii® extracta of pyrethruffi eomhin© very advaxitag-
eously the iiisectleldal action of a very toxic auhstance, 
jpyretimiae,with m vmrj ©fflelent carrier, kerosene, to produce 
a preparation with great imseetieidal value. 
lot ramoh is knowa concerning the insectieidal properties 
of preparatloas ai^ these researches were started in order 
to investigate these properties| more specifically, with the 
followiag puipo® es s-
1« ^o deirelop an imsectieidal aethod for evaluating 
kerosem© extracts of pyrethrua.. 
2. So detei^liie froia the insecticidal standpoint the 
®©st efficieint keroseae fraction for such extracts, 
3# To investigate nfeat effect, if any, the degree of 
finenees of © pyrethrura powder has on the efficiency 
of extraction by kerosene. 
4* T& te-st a cheraical method for the analysis of pyrethrui:-
aiM to ascertain whether it farnlshes a reliable Index 
a®#erfcala t® what It mnj^ d©feei»loration 
t«fc'@a plac© ia ker^ ,a©ji« extfrnts o£ pjT&th.rxm* 
fo tke lm«©tt©M®.l aetloB of kerosene extracts 
®f pyr#t}arm ast t© tla© relationship ©f the 
r^slstaii#® @-f hoas® files with age. 
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Hi 81VI1W OP hxtmAwm 
Itteratw© oa ^ jretbrm has to#«i3. very fully and com** 
pletely r#Ti@we<a %% « Bulletin by Me©0nn@ll and eoworkers (1926) 
«s well as la a pap#r Jttillet Cl924>, Only the more out-
stsi»iliig papers as wall as tJi© literatur© pertaining directly 
to these inf#i(tigations will be r©Ti@wed» fhe subjects can 
b® eon¥@nl®ntly &'Tided Into ©liemical and insect icidal in­
vestigations, inaeoticldal methods, and stiadies of the insecti-
cldal amd phamaeodym®®!® action of pyrethriBa* 
A. Sh®ffii©al and Xnseeticldal Investigations. 
Fmgitani (1909) isolated from pyrethrujB a thick yellow 
syrup to whi<^ the n«©e pyrsthron waa given* It was found 
to be highly toxic to insects, 
•fawamot© {1919} eontlamed the sttady of this toxic syrup 
and performed Inse^tlcidal tests to determine the part of 
the flower containing the gre-atest percentage of this substance* 
®he ovaries of the pyrethnna flowers were found to contain 
the largest aaount, the sepals next, while the pollen, stigjaa 
asad petals contained alaost none* A aumraary of hia research 
is given in his latest paper .flSES)-
In 1#24, Staadinger and Rusioka, two outstan<^ ig (}ens£tn 
ch®»ist:s,, reported their able researches on the chemical eon-
stitutloa of the active priBCtples la pyrethrismi flowers* Two 
very complex esters,, pyrethrln I and pyretfea*ln II, were de-
«• 3 •» 
hy thea to be rsspQnslble £ot the Ins^otlcldal pro* 
p©.rties. 
GH» 
HgC ^GH-Gls~0SsG«O-Ga» W ^ H'GHB-Ca«C=GH-Cla 
t—SC^ iasO f-HC 
s0 tsQ 
GH 
/v . A i CSa) jsG-Am- GSsslH CSs ) g { QMq >g —gh-cb=< 
» x;ooGi« 
Fyrettorin I I»yr«thrin XI 
fhe |>ji*©thriis ©ojate^fc was fomid t<^ aroomnt to 0,g-"-0.3^ by 
weight of the flUKisi? heads. laseetlcidal studies performed 
on e<j|5te@aehes iBdioated thst both these qoffipounds were v^ery 
highly toxle ©©mpomids; that pyr@thrin I was aoiaewhat more 
aetl'?^« than pyrethrim II. Goneernlag these sttidles, th«y 
writ© as: .jf©H©w-s ^Article X, 1024 )•• 
**B1© h^ldan synthetlschen Pjrethrine sind stark wlrk-
.same laisekfceiaglft© und zwar Ist das r®ln© Fyrethrin I^ das 
so gewonnem simd, etwas stRrker wlrkaaja ala das Pyrethrln II. 
Das Pyr@thrin. I hat mag^fthf' dl© Wlrksamheit de? InsektenpulversV 
It is elalffl©d that pyrethriia I has approxlsiately the sam# 
setiTlty ms til© 
StaudiBger and Ruzieka ascribe th® toxicity or ttie 
py3?etjfca»ijis to tli®ir p#emliar struetiar© as esters of triniethyl-
mn& carfeexjlie acids with iinsaturat ed side eliaias and a cyclo-
p0atan©loa@ aleoliol witli aa iinsaturated side chain. 
m-QQOM m-Goon 
{eSs I»- 0—c 0H<5 )« i CH,)«- GmcC * 
XfOOCSa 
Glirysaiithe®i» GJH»ysaathemm dicarboxy-
mom©©arb0xylie aeid lie acid methyl ester of 
pyrethrto I- CT, pyrethrin II. 
m 
« ... .IliR—/ 10HG —JiGsO 
Fyrethrolon-aleohol present 
in both pyrethrins* 
Small ehaiagea la either the alcoholic or acidic part of 
th© aolecul© resulted in a great loss of toxicity. 
In eollaboratiom with Eemss, Staiadinger and Ruzlcka 
pttblish®il another paper (1927) In. which they report ftirther 
trialt with 'rarlo's^s synfehetle pyrethrlns. ^he pyrethrin iH*e-
pared from pyretl:irol®n aad traiis-chrysaiathemiam acid was found 
t© b© dlstlnetly more aetim than the pyrethrin prepared frcaa 
the sam® alcohol wltJh els—chrysanthaatsm add, ?ehich gave further 
10 -
•pi?Q©f of hew iiaportant; thm spatial aprangeEs-ent of the atom 
is la to:^ieitf:.. "famaaoto * s pyrethron aclct was found to he 
ld©atl©al with the ©hi'yaantheM^ai eaphoxylic acid. Following 
thi« pmp&r eaa® on© bj Bt&vMln^mr and- Harder in which are 
d@s.«rlh@d few© eh©aieal methods for the estimation of pyrethrin 
1 and 11» Hie nyrethrin ©ontent of the flowers in this oas® 
varied fi?<m 0».2S^ to 0*^61^, higher "ralmes than those obtained 
by earlier »©thod.®-«^ fim i&©®i#«rbaz.on© method deserlbod by 
th«a depends on tha Isolation of the erud© seinloarbassonea of 
th« pyrethrlna by laaans o;f s©mics®rba2ld ohlorohydra t© and 
aodltm acetat®* fhe ©alettlatlon of th© percentage of pjrethrins 
1# obtained froM the nitrogen <sontent of the sefnlearbaaones 
d©t#jmined by the K,|©ldahl method* ®h.© aeld method consists 
©f saponifying th© eriid© pyretlirins with alcoholic soda ao-
Imtionj sepmrating the two ehrysanthfeffltim aoids by steam dis­
tillation and #xtraotion with ether, ^he sfflio.ttn-ts of the 
pyr©thrins ar® ealeulated from the titration of the acids. Both 
ffiethods- w#re long anfl diffleult and required 50Q grass of 
sa»]^le for a single «»smy*. ^?h« variations in the results 
Kr®r© quit© large In s©®© eas@s» fhes© methods serired lat©r 
as a basis for ?att#rsfi©ld and lobs®a*s analytioal procedures. 
fatt®rafiald rand his associates, English investigators, 
started th# pmbll©«ti©n of their investigations on pyrethrtiia 
in l.tSQ. fhey foand that %tm biological method of testing 
ims#€tield@s earlier described by fatterafield and Morris 
- 11 
(1#^) was siiitalsl© for th© evaliiation of pyi-etferuBa, fhs 
toxleitiy 0f pyrsthruffi floweaee was foua.d. to b© approximately 
10 tises tliat of tke stall©.. In 19gt,» ^attersfield,, Eol^son-
SBi Gl©ii3^feaii 4@s©filt«d tfeeli» for the ana lye ie of 
1 aiid II# Ab pre'rioasly ©entianea^ tkey were 
moilfieatioJis of* tke©# ieserfbed lay Stamding^a* ana Harder# 
Byretl'ijM.a ©otttent was 4#termiii©a (1) fey of the aoids 
aft^r iiydrolysl©, fB) t»y meams of tm .@emtear1ba2oneB« The 
w®"fc-ods w@r© A-ortm^t eo&sM©raMy,, smaller samples (10 g«) 
were wbq^ ©lad thB remits, iffir© €-@fiEtit@ly mo,re qiMiiitltative, 
Pyr.@tlii?ln I 11 wtr« ^»tlies£s#4 fsom pyretliroloiat and the 
©iiry®siitli©ffim aoite aeeortisg t# tJae methods described by 
aat tjsd t-ltslr relatlT# toxioities war© 
ift®ni,t,is«d.» 
fh&m two «oiipoaMs were found by ttiese iarestlgator s to 
fee Isy fsir tlaa raost toxle eo»|«3jaats imom. to them ffatterefiald 
®ad «:#wxrl:er® :Md pmfioixmlj t#st«d iaaiay organio eompotmds as 
©OBtaet lii®@etiolde©r- :^»^©tferiii I was fo-imd to fes 10 times 
mof# to-xie t^.3a II,. Ga.l<?alat©.d frooi tke ot 
spray fslliag o» mu iMiir.ia,ual .a.p.Ms of the slg© used in their 
@x|!©rlffi©atB, tfe© letJml ios# mB.B .approxiiaately 25x10"^ to 
iaclO*^ grsa® &f pyretkria I .and o-f tkls oaly a small portion 
oa«» into effeot, ^yretJiria 1 and II were foiand to "be 
pre^^st 111 relatively ©taal It was -eomladed that 
jtyra.tliriE I wms :ism..i».ly .reepoasitol.e for tk® eonteot i»s©Gticidal 
- IE 
iFmlvM of pyretliram. ThM two analytloaX methods dOBertTaed 
m-mre fowM to glf© an s@e«rat© iMax &f ineectloidal power. 
Shortly after tiiis, f.^ttersfield and Hofeeon pul'llsh.ed a 
short^ed aeid method i&s tlm teterrainatioBi of ^.rethrin I» 
ffe© m@tbLOd wa® put f^wari for the rapid eyalaation of pyre-
tiyraffi powder and tl^ reaialts obtained witlt it Goiacided very 
well mitii %lm values frm tiie l&ager method. It w®b fotmd 
applteaible for the mx&ljBlm of japajaese pyretliruin flowers 
Wlb mil as ®wiae £l©w@rs^* 
Iffifflediately after tJieae pabliestioa© earae a series by 
Criiadiager and oorl, Affierlesaa workers, on their researelies. 
A m&w metliod for tlie ®aalysls of th& pyretlirias was deaoribed* 
the eopper r@dm©tl<Ja setliod... fhis «as based on the fact that 
both pyrethriBS oontala a l:©t<me groi^ #ii^ redaces alkaline 
©opper tartrate solmtion in the saae mamier as j^dacing sugare. 
fh© F^lln aethod for the determimtioii of blood su^ar wae 
adopted to estimate the reduaing power of the pyretJirins. 
A meaBared aaoimt of speeially treated aakmov^n containing the 
pyrethrias is heated with an alkaline eopper solution in a 
tllb^B desi^md to prevent the oxidation of the preoipltate to 
oxide, A ta.be oont«lning a known amount of dextrose 
is treated in the ©am© my# When the hestlng is finished, 
the Folin phosphemolybdate reagent is added and a deep blue 
oolor ie deTelo^ed by the motion of ©ufroue oxide on the 
phosphoffiolybdate solmtion* 3?he intensities of the colors are 
in a Duboseq. mlQtlm&tm ana the amomt of pj-
3f©tJ i r l Bs in til© uafcjiown is oslctilated from tMse results., 
Qaadim^ftr an.d Corl base tJieir table for the oaloulation. of 
the mQwaX-B of ^yretiirims m the theory tMt pyrethrin I 
aM II are present in amonntB. 
PyretJa.rins 1 aad II were isolstet in the pur© state by 
re.F©at©€ reer^stalliisstiQia of tiie mixed satsiaarbaisoxiee and 
the relative toxioiti^s were ietermined. Pjrrethrin II 
fount t© be about 80^ a© toisle as pjr@thrin I» 
Im jMgiag tke differing remits of fatterBfieia and 
0&adiBger &m well as tia.® tifferiiag etatsmeuts of staudinger* 
It seeiE® well first to eossider tiie methode by which they 
isolated tfae pyretliriBs., 
fattersfleld meatloiig that "there is & possibility that 
im the ©yatheBie of pyrethrlii II from, pyrethrolon and the 
di«earboi?^li# mGi& that a eertain amoant of i©(^.@r may be 
present in the produet* fhis may result In u loss in the 
real toxteity of pyrethrin II.** fatter ©field tested the 
pyrethrins o» aphide by uso'of a rery aarefully developed 
iaasee t ioi dg 1 test-.* 
fhe method by wlileh amdinger prepared hie pyrethrins 
offered ao ehanee for the presenee of isoiaerB, thoagh h» 
.admits that hi© pyrethrlus wer© not absolutely pare. Hie 
pyr©"iai..rim .1 was 80^ pare; pyrethnn II was also present. 
» 14 • 
wjrlfisd M.E  3e#@-alts witk tests on ooekroachee "by 
a m&mmh&t roagii i»e@0tlol4al methoa, and with tests ob files 
m !B5ret detail©^ wthot ffwIj-Grady method 1928) • staadinger 
and -aa py^Tleaslf elairaed, that pyrethrin 
I \mm mmtAhBt etroager p^rethrin IIj that pyretlirin I 
hsd approxiii.ately tli© same toxicity a-e-the powder itself {i.e. 
it wss almO'St wholly feepoaslMe for the to>d.city of the 
powda^e) • 
It .sppsars ©Tidemt ftm these wry lug result© tjist the 
relative toxicities of thee-^ ©ompoaiids Beeds farther In-
^©•stigatioB m& eorro'boratloB h^for© w© ean eome to any 
defialt© e:oMltt&loas« 
•f..atm flt^l has ©rlti.eis#d Sssaiiiiger and CorlVs method 
rather ®eT@r@lj. Ara©'hg ot^-r things ha claims that the 
method is too ©©mplieated pni tMt it is aaeeeesary to «.s& 
d©lleate apparatus and relatively imgtahle reagents; that 
it dcjes not pi-re reliaMe resalts slnee it is Msed on a 
oolQrim#triC! oomparlson of tv-'O solutions v/hioh are not of 
©aiie aiiade, o»© of mhi.'&h ©hangeB rapidlj in color; that 
onl^ sll^t ahaagee in the technitue prod nee ®lde variation; 
that fmrth©rmore,, there is ao good reaEoa to ado-pt this method 
in presCer^Koe to siiother.. ' 
Wwm their researehee, KQloBaell and coworker b il9W) do 
mot find agreement la the sfrTeral acal^tieal methods .and 
eome to the eQuelusioii that the methods are not all tnat might 
he desired. 
15 
tm fmrther w>rk ^aadinger <1930) publlslaed the results of a 
•©•©aparatlve aseries ©f teats made with fattersfieldl* Tntters'-
fi@M fouatid that tb® -talues for pyrethrin I and II a,^ analyzed 
by his methods ©heeked werj well with the total pyrethrins aa 
estimated by Onadinger's method. It would appear that when 
these tw® analyses are perfomed toy men who know the teehnique 
©•f ha-oiling that they will give reliable results* 
folliBsr <1@51) has recently reported tests with fatters-
fieldshort sieid ai©th©d and ffnedlnger'a copper reduction 
»ethod. For the analysis ©f pyrethrin 1 in a known extract 
mf pyrethrim he proposes a ©odifieation of^atterafield short 
aeid method* fhls method cannot 1toe used on an unknown ex­
tract of pyrethrura as any esters whieh are eoBjmonly used as 
odorants will interfere with the results. "^Tolliasr favors 
the use ©f the short a ©id method for the ataalysls of pyrethrum 
powders• 
1» Inseetieidal Methods» 
Sta^BK^nger aj«i luaieka aads their inseetieidal evaluations 
by dusting eookroaches with pyrethroM powder. In testing the 
relative toxicity of pyrethrin t and II they mixed an ethereal 
solution eontaining a known gmount of the pyrethrin with 
a propertioxml amount ©f an inei't powder, ^his powder was 
then dusted on the experiaental insects, ^e laajority of 
Imrestigations prior to this time were performed with tests 
— .,3.6 * 
alaliar fe® tMs* 
pjrmthT&n of Tamaaot© was testeid hj prepai-lng water 
#iaulsloBts of fcke aleoholle extract of th© powdar, This so-
was sprayed ©a files CO«lliplioi»a lata ) •' The ad-
ditioa ©f seap was f©^and to Iner-ease the toxicity os nslderably, 
l^attersfieM .prepaF^d, Ms pyi'^tJirin solution in a manner 
.Similar to that of l^aoaiaot© fchotigh h© msM 0»§^ saponin so­
lution as a Bpreadfli* la plm^m ©f soap. His biological method 
eonsist^.d of #pFBylng sphids (Iphis ruaicis L.) in a very 
eai?«fully emstrmeted and atandai^izecl ap^paratus. Frevioua 
©alibrstloii had shown that the spray was very evenly distrl-
but®d ©ver ^the aurfa#-® ©n which the aphids w-ere exposed. He 
was Able in this -way to apply approxlmatsly #q«6l d> se© and 
t@ obtain mifora ries'a.lts. 
A method for testing oontact ins@etleid®a, mor© espeolally 
keposen© @.3£tr«.©ts of ^ p'fithr^ta, on flie-s (lugea doaeatiea L.) 
has been pmt forward by Pe«t and #rady (1928). About lOQ 
flies, S days old, ®re plae&d in a ehamber (6 ft. x 6 ft. x 6 ft.) 
whose walls hav® been rsndered non-absorbent with a sodium 
»ili#ste paint# At ©oustant temperafcmr© |25®0.-5 12 ©,e. of 
k@roa#n© ®xtr«©t are sprayed throti^ four holes,, one on each 
side of th© ehaab«.r ne-ar ths ©elling. At the ©nd of ten 
iainut®.s th© flies slinging to the ©.elllngB and the walla are 
©ottoted and those whieh hav© dropped ;jre ©-arefully placed In 
wire gauze ©ages, in wMoh food is available, and allowed to 
remain here ©ver night. At the ©nd of 24 hours, eounts 
If • 
mt tii® 'mmimTs of files whtefe fea-r® died or recovered ^ ar© 
aa4©.#, 
flao^gfe a ^©at .€^eal ©f research has he.en perforiBed with 
this method, w®rf tmw results hatr® heeu publish©^* P©©t has 
r®p©rt©(a an •variation of final kill of IQf^, W®«d 
reports 41.»4^ varlatloa with a series whi^eh averaged '7Sm&% 
Irill t0nadinger, lt31)« #iiadlnger, in a series of 101 testa 
©a 24 different foiaad a ifarlatio.ii in th© laaximiim 
dlff«r©ae#s with eaeh sfBHpl©* 
Wemt and ®rady also des©rih®d a method by whieh eontact 
inserti©id®s ean he t-@st#€ #ii ©oekrmehes* Kie irtsects ar© 
©o^iflned to a small cubieal ser©«B»iBOvered -eag© through which 
the las©:©tictd« is atomized dlr@etl2r itpon th® eookroaches 
from mvmrj possible angle tm.til each inseet has "been thorough-
If met. Aft®r spraylag, food is Introduced into th© eag® and 
th® laseets r<®ala here mntil ©oimts are made, reeording th© 
toxicity of the mat«rial» 
0ttading«r p^rforaftd his Inseetlcidsl studies with aleo-
holt© ©lamlsloiis of tim pyr«thriTis aiallar to those of Tasiainot© 
®Md «pray«d th©s© oa ©oefcro-a©h«a- (Blattella gea^aniea L.)-. 
IB later research Cl^SiSOt) th© Foet-^adj method, with flies 
w«» umA* 
0*Eatt© and eoworkers (ISaO) hair© d©s©rlh©d a method by 
whioh eoataet iiiaeetieid®s oan be tested on flies* *Ph« flies 
are sprayed in « cjlifidrleal s©re®n cage placed on a revolving 
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turntatole. After tiie applleatloB, th© cages ar© suspended 
by eoi^s for 24 bomrs, tb© nraiber ©f dead axid live files ar© 
reeord^d and tbe @valuatlo» of tb© lnse<iticlde made. 
%© priaeipal blologieal ia©tbods in use tap t© this tira© 
for the testing of pyrethrin and pyrethrtam extracts are: 
1?att®r»fl©ld'*s method with apfelds. 
p©©t and #rady*s method with flies. 
feet mud 0ra<^*s test with ©o.@kroaoh®s» 
For t©»tiii.g th© k©ros«a© «3Etraets @f pyrethriiffij, th© p©®t"-
#rady nethod *ith flies has wsdoubtedly b®eii in th© raoat 
ms«'* 
6. fh© Jiaseetieidal and Phanaatsodynamie Aetloa of th© 
Fyretjte'ias . 
As this ambjeet haa b©en investigated to a small extent 
la th©s© @xp©rla®nts, it will b© of Interest to r@vi©w th© 
©utstandlntg eoBtrlbntlons to this field, 
Fugitanl (1909) reports eonslderable resoareh with th© 
pyr©thrlas« 
?r0t02@& were sot found to b© ®use©ptible to th© toxi« 
sot ion of these 0©Bipo*»ids. Inseets and ©old»blooded Invert ©'• 
brat«s (fish and frogs) w®re found to be v@ry snseeptibl©. 
Wai^-blooded v®rt@brates were affeetad only by intravenous 
lnj©et-ions» 
2©tgl©r (IftS) reports scat© interesting reaeareh where 
food to whieh soa® pyrethrun ©xtraot h&d b©«n added was f^ 
to ants and to boll weevils, this was followed by ths death 
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©f tim iaseets. la tests with eoid«bloo4©d vertebrates (frog-
M'&m& .pipiens S@lir©b©r) Injeetlons ®«4« per os, intravenotisly, 
©r ©•ab©utRiiL#©u»ly w©r@ fomid to be toxle- The aetion ©f th« 
]pyr®thrin» was directed toward th© spinal corst* When. larg« 
doses were injected intr^ivenouslj, dogs &n^ rabbits were con* 
vmlsedj then died, Subeutaneoits injections were not fatal, 
Ghe'TRller, who with his ©©workers has ^n@ mtj^h research 
with the pyrethrins, ©on^ltMes that they are raetiro-muBeular 
poisons* la tests with the frog, he toxmd that the ehronoaxie 
jftlme t® r«ai®tl®n frcsi stiafutlms) of both the nerves and 
mms^les when treated with solutions of pyrethrins, are maeh 
longer than normal, ^he resistanoe of warai-bioodod animals 
to-these esters is ©asplalned by the faet that at the warmer 
temperatures> hydrolysis ©eeiirs »©re t^ekly, and with this 
a loss In toxieity results* In eoM-bloodecl animals, the 
hydrolysis does not oeemr so easily. He <3e»©ribes an eae-
periment in which a nttmber of lepidopterous larvae were 
injaoted with small amounts of an aleoholic eaailsion of the 
pyrethrm ejctraot, ^hose th«it were removed to a temperature 
of 32®C» reeovered, those that remained at 16^C« died. 
Chevalier has found that the pyrettirins show eonsidersble 
promise as anthelainthi©s« 
In tests on be^s, Oinsburg ^1930) came to the eonolusion. 
that the volatile gases given off from pyrethrtj® powder or 
froBi the ertraet were non-toxie, 
Buehraann 11029) working with fly larvae (Musea doaiestiea 
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L.) eonelmtteci that the pyrethFins ar® primarily nerve poisons^ 
sliM® til© distribution of the effected parts of the body eori»es-
poaded with the distribution of th© nerrous systeai* 
i^r©® test® with eiRtilsioaa of alcoholic extracts of pyre-
thru® on lepidopterotts larTae, Fryer, fattersfleld, and timing-
ha» {1©2S) eaa@ to th@ ©oiaclTasloii that th© pyrethrlns did not 
act as stoaaoh polsojis la thea© t@sts» ' On aphlds (Aphla 
rmiei.® li.) the t@xl#ltj ©f the pyr^thrins plaees them la a 
©lass by theaselfes. IPh# aetion la ©3Ktr@mely rapid, produe-
lag a atat© of profound nareosls ifcleh at higher conoentra* 
tlons resiilts in deathf at lower eoneentrations, the narcotic 
aetioa may w«ar off and after a period of time th© Inaeota 
mmj wholly raooirer* 
III. iisisf» mfiHi&Ls AID KSTHODS. 
Am B:s;j^ ©3fia«.iital. Insert# 
B«es:.,, @o«l::r'Qae5^©a#, apMAs an-a Hies hav@ "been used pre» 
iriottslj in t@©ts wit:fe pyretiup'tim. 
On aeeomm.t sf :S0oial liafeits and their . more higiily 
speeialized it wae .a@©iiM not to use feees, fhese in-
gQ-eta wMtt l:0pt in ©alitary eonfiaem^t will soon die even 
?A©n fQod is plac#i at'tJa.eir disposal# .Sr©n thougia ccate-
roa<&'©s ©sa to© reared in larg© Btsal^ers, they liave a l®ng life 
Qy<3l© C &i- motttlt.#)» tiffieulty of keeping the Inseets 
sonfiatd amd ©©gsfs^ted iats .groins of k»oMi ages -ae/'-vvell as 
til© MMkM&s&m&wB 0f laayidllng tiimi important dis-
adTaatagQS to their ms-e... A^hids -wsmld "be T©rs^ ©atis.faetory 
to rear for liisii-«ti«:i4el tei^ts "bat their hatsits of life are 
tait® th© ©pposit© .©f li©i®!©toia iifts©-ets» 
i.B ter#s^ © extra.ot© of pirret^ iriam are largelj eoaployed 
a:^iii-®t tljlns iMm&tm,. it was ttoa#.t adiriEafele to experiment 
\ 
with ®» Insmet .of tlii® tfpm aiiS it wm n&inl^ for thi.s reason 
tfeat towl# filF (gteom io^mjgtiaa L.«) waa deeided upon. 
ftirtli.©jmoreg, t&:e home flj is a ^®ry sati^faetory insect to 
.rear In large mim!j©r.s., .hs.B a gttort life aj-el© (approximatelj 
•i td %3 Mm^b frofii egf to ad^ilt) and can iiept free from 
plant «sd ani«l. fltlA flies e-ould not he ns^d 
fe#®^mse ®f tfc©ir •rmriafeili^' in sge .and tiie i>o©ei"billty of 
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the.lp being ©tth.«r parasitized or diseased* 
?r@"?lotas iBVestlgators used the house fly eonslder-
®toly for various types of reaeareh. Tte jflndlngs of ^laser 
il92f) ha'?© male it-possible to rear this insect throu^outt: 
the jBnr in northern cscMmtries (by th® addition of yeast t© 
th© la.r"fal fo^od). Srady (1928) has described a modifieation 
of ^laser's method for Fearing these inserts in larg® ntan-
h©rs *. 
Eggs obtained from raatwe adults kept in breeding eages 
er© plaeed, in batteFj Jsrs filled with horse ia.anure made 
moist by tl® addition of a water suspension of yeast cells, 
^h«s.e battery ^&rB &v& placed in constant temperatui^ and 
htimidlty ehasber® (50®0.» and 4&fo relative hiaaidlty)' wher© 
the d®'^©l0pinent of the eggs take place. Within 24 hoxiPSy the 
eggs feateh and the larvae f#ed aM develop to iss^turity, sfter 
wliieh they :p3ipate.. E»grg@ne© tic^&a the pt:^al state starts on 
th® ninth day of incubaticm, snd eontinue© up to the 13th or 
14th ds^i th© fflsjority of fclj© flies merge on the eleirenth 
day# MTm-ntr4ge is taken of the positive phototropism of 
the flies to transfer t^aia to bottles, after -which they ape 
plaeed in stock cages. ®he flies emerging on on© certain 
day are all plsoed in the gam© eage« When the Inaeotieidal 
t®sfe® are Mad-;, only flies from the same es-g© are maed. ^hus, 
fli^g Of the same? age and of relatl*v©ly uniform resistance 
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are a'^allabl©, <lj?ady reports that the flies bred under 
these atptificial ©oiaditions during the winter months ar© moat 
aotive and resistant when they ar® four to fi-ve days old. 
In th© first part ©f this in-^estigation, Srady's method was 
us#d for rearing the flies. However, the procedure and ap­
paratus have been ©hang@d from ti»e to time when it was thought 
i®prov©is«-nfcs isould b® made# 
In the main, an artificial rearing, medium was ua®d. To a 
ffiixtur® C6 lbs.) of wheat bran {6&% by weight) and alfalfa 
meal (3^ by weight) was added water (6.© lifcera), 500 c.e. 
of yeast suspension (1 lb, ©f yeast to 2 liters of wftter)j 
aM *20 c*e.. of diamalt* Oiamalt Is a eonim©r«i'-l preparation 
eontalning a larg® poreentag© of malt sugar, 'and syrup. This 
»©diua was found to b@ wmvj satisfactory for rearing purposesj 
not only b©0sus« these Materials eould always be obtained but 
als© bo-eaxise it appeared to be possible to r@ar more flies 
per batt@ry Jar in eomparison with equal amounta of horse 
»anur®. Sueh m«dia when prepared are also free of a red mite, 
a parasite of hou9« flies wiiich is coffimonly present in horse 
manure• 
Sine© th© glass battery Jars were costly and quite easily 
broken, and sine® their saall size prevented the rearing of 
BUch aore than 600 fSiss iper jar, twelTe-qusrt galisranized iron 
palls wer® used in the later ©xperlinents (See illustration). 
Saoh a change greatly lessened the amount of time and car® 
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of trail#-' 
ferring rilea .fro® 
rearing jp^ils t® 
sfc©©k 
Rearing f^all ai»l 
spefsiaily deslgneci top 
fop fly tpan«f«p®n.e©. 
Hetlaod of ©fetalnln^ flies 
tTQm stoek eages for \3ts«> 
In laseetieldal testa. 
Stoek with flies. 
• - g,4 
ii©,©©SBary for til© rtarlBg of these fliee* By the uee of a 
apeeially aeeignet top* the transfer ©me of the flies to the 
stoc^ #a.ges eomlt %e hrom^t ©hornt jsm#i more easily (see 
lll«ietration) anA with th© loss of fewer flies than ie 
possible with th© Sraty aithoa# fhe stoijk csa^e were plae-ed 
in the .gremhome where the flies were exposed to the sun and 
to "rarlahle tenperatiffes^ 
OoneMerable re sear eh to be reported in a later section 
definitely bromght omt the faet that the flies reared by 
thla laethod '®ere most resiB.tant when frcmi one to tv/o days of 
age* fhe flies meed in the inaecti0idal tests vwre for the 
i«j@t part two days old. 
Materials.. 
"fh# p'lrethrQm ponderB ©onsi©ted of the ground flowers 
obtained direetly fro® the iiaporters, !fhe majority of the 
flowers were Dalmatian in origin, though one sample was of 
0apameae emltlviiticsa. In one series of tests tije flowers 
themselv'es were obtained and were groimd to Tarioue degree© 
of fineneeg* 
fhe keroaenes were mtirely of liid^*-©ontinent origins 
that is, from Olrlal^tia#. ab res>orted by (Jru.se (1928), such 
petrolewffl oils eon tain mphthmie, parsffinic and asphaltie 
©•offlpomnds as predoffiinant eonstitnents; the asphaltie as 
well as the aromatia eospoonds being email in amount. Sx-
Ijeriaent® reported belP^jy ha^e shown that of the fractions 
» B4jk » 
« £i " 
test^a oa© type of kerosene was the most «ffiol«a,t 
l>aB€ from t/ie in,.secti0iaal ©tanflp-oirit. fMs fraction we® 
used axeMsivelj ia all, researeli vdtli teeroeene ©xtraots of 
pjr©tls.ni®* 
C* Setiicxls. 
1* M©thot.s* / 
laxtraotioa aettots w®re of tw© fciMej extraction by 
pi^colatiom ©f tli© Mros-^e tfarougli the powder.» extraction 
ib.y s ©<mtimmomg process ^fith a So:xto.let esctractor using a 
¥o;X ati 1© eolT#n t 
In th& p@.r0ol$tion tY;etlioa» tlie w»& m&eerat.jd with 
kerosen,© in the. psreolator for se^etral. hours, after which 
P@rco-3^t4o3a. was allomt to._proc.s^€ at the .rate of 10-20 drops 
P®r »ilB«tc. With & finm grat® of powder fEOO mesh) no 
r&gnMtiom wm®, tt#c©...Ba^ry .&b the pc-«'€©r •packed eloecly and 
parcolatioa proceeied alowl^. Kerosene ©x:tracts of any de­
sired ©trengtli (msaaliy prepared a0co.raii3g to pouna.8 of 
prrcthraji powder gsllon of kerosme) were prepares in 
this way, 
^tmetion witii th© Soxhlct ext^otor was eonti.n»oa© and 
extract ion of tlie pyrethrins comld t@ ofetainet. In 
tlia p.r@-ps.ration of ^taniard extracts, the pG«d©.r w.as com­
pletely @.2£traete4 Cmsaally .S .hours of fairly rapi<i extraction 
was saffioient), the sol-rent wag cTaporatea in .a current of 
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0Og, and tfcte oilj reetdae tateea up iQ a proportionate amount 
of 
g.,, cii#fflio^ a3. AmlF'BiB of PjretlitSJi I* 
% 
Both fattersflelt's long and short acid metliods ?/ere used 
for th.B ®n-alr®©B ©f pjretkriiQ in tke&e Investigations. As 
]^r@riomsl3>^ iaontlomed, tlies© ®etliods ?;@re BK>difieatione Of 
OS© of St®mding®r sad Harder In whloh tiie moxmt of sample 
was jredaoed to 10 grams. 
f&ls sampl© is ooiapletely extracted with low boiling 
p@tr©3.@tffli Qthm im^»40^G* •foiling range) in a Soxiilet 
extra ©tor* fh® solTent 1b tvap orated to a samll ^ulk in 
8 ®«a«r©nt of GOg with tmj gently warming, the ©Taporation 
l>eing ooapl-sted in a wm&wm d©8fii#ator» Jh© residue is ex­
tra ot#d with foar' S»S c.*o-* lot© of atisolute 
sloohol {fr©e from ©old) with gentle warming on the 
water hathi ea-oh ©xtraotlon i»©ing oooled onder the tap, 
filtered through a aitell wad of fat-free ©otton wool into 
a long neo^ed flasfc of 100 o*o* eapaoity. the extraotion 
flas^E; heing finally rinsed with 2»S oLc» of cold methyl 
aleohol* The elear solmtion is treated with 4 o.e. B 1,00 
laOH in methyl aloohol ant hoiled under a reflux for six 
to sight hour a» after whieh the ®ethy][.. aleohol is taken off 
in partial vao-miim wl-fe gentle warming. The stopper and 
oonnecting tmhe are wal^BSd down into the flasl:, a little 
water is added to "bring the soape into solution, 6 c,e. of 
1 1*00 Sttlphari© aoid is added and the aeid liquid distilled 
in steaffl* fh© raonooarhoicyiie acid of pyrethrin I is volatile 
and mm. %® diatilled oirer in this laanner. fhe distillation 
apparatus «!a© similar to th© original Eregl miero-Ejeldahl 
Btill, ©xsept that the r^her eonneetions with the condenser 
were eliminated eo that the glass tuhe oonnecte direotly 
with a saa.!! worm ooialen&er and leads to a reeeiTer marked 
at the iO o.e» leirel* fhe aeid in the distillate is ex­
tra otei with petrofen® ether and, titrated ¥iith i 0..0E laOH. 
1 Q»e. 1 O.OE SaOl * s 236 mg. monocarboxylic aoid 
s 6.6 mg. pyrethrin I. 
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With tlfc® short ©old method,, the pyret-hrlns in the 
petrol^m ©ther extract are immediately sapoBified with 
al#oh©li© MOMi, Sh© p®trole«® ©ther distills OT©r in the 
st@aa diet ilia tiQia proeese sad %b meed to ©xtraet the mono-
0arl©:xylic aeld fros th© tietillate. Pyrethrin I is oal-
@«.lat®d tmm tf-^ refmlts of the titratio.n* 
Gaiy with th^ la»g aeid method earn the soU'-Tolatiie dl-
.©.ar%©:Eylle aeid of pyn&thriii II h# dstermiasd. It remains 
iii th© regidne from tim- et^am 4i©tillation and is extracted 
with .«th©r and titratM* l?yr@thri» II wa® not determined in 
afiy ©•.f the saitl©© iaaly®€id» 
» m ^ 
If, fHB II¥.SSfIGAfIOlS. 
A* Thm of m Inseetieiaal Method* 
a©g@&3r©li« 
fli® liBtkoSs preTiooslj msea for th& Ineooticidal evalua­
tion of ©ontact tnseotieitoe hme "baen alreaa^r reyiewed. As 
a©iitio»©a @f ^at tia® the tasting of keroeone ©xtraotB of 
pirr^tiJtiia. tes t&m aost oomirtonlr dOR© witfei the ^eet-Graiy 
aetiiod. 
jLb a |s3*el.iffiimr7 paft of tiiis researsh^ jan apparatus was 
pfsapajred with wfetloii nmrih^ s^ B at flies ootald be sprstjfed with 
iraarioms streagtlis, of kero,0«ae ©xtr&ct of pyret^um. .In 
tb.#i» p?«ll3aina3?7 t#8tS:, rorngfe estimations weafe^ loade of the 
tiffl® n©©#Beary to pafalyae SQ per oent of tlje flies... fh.e 
pmQM&M of paraljsiB ia t«a@riMd as^ follows: fli© wings and 
hind l-@gB ar© thB first orpins to lo«6 t&air pswer of eo-
©ra.iaat#t aotion# Later tk® otM it two pairf of l©ge ar« 
paralyses a»d the fly falle ove.^  on it., baok. Ihls pe|nt 
was as®d as the .©nS .point of paralysis in t&e®esperlme.nts. 
Aft#r ©ight to ten minutes». depending on the- strength and 
q^ttatLtltj of eprsj a.e«d» taie majorit^^ of the flies were 
.paralysed ana tk©.^ t.b.en r-mowe^ to a pr«Tloasly pre­
pared ©age {proTrided with food} and r@oords made of their 
.reooT^rf diirang the- n«xt S4 to 48 hours. Even after twelve 
hoar©:* @om@ of th© flies r®eov©r€d and it was found that 
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InseetleM® f©sting %pa3?afeua 
 ^ ssr ®tOTi2©i*, 1 = pF©ssur© pegiilating 
mlv®, 0 « teatiji^ eage, I> ~ faa. 
1 « tsH^eratuipe regtilatlng af^aratua. 
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oomnts mast uate up t© 24 hours before tiie n*iiii."ber re.--« 
.maimt eonstaat# Es^perlaeatB ¥#©r© eontiuued to S6 aM 48 
hours Ittt th© resmlts tit not tiff«r from those taken after 
M ho-mr®.. 
It was m'Qti notie^d ta®.t the speed with which 50'^ Of the 
tfli©s w#T« ^ «ra,ly0©^ varlM .tirestly with the ooneestration 
©f th#' p^ethr^ ej^traet* fh® mortality of the flies pr©-' 
W "rari'O-uB strength® of .pjrsthri® did not rarj so 
eensitlTelj m.s the t^ifie- of paraljtic aetion, 
iift«.r further ffiodifio-ation of th# apparatms and im-
pro^€!®ent of the teahiilqmff, th.©ee prelijsinar^ obserrations 
wer© somfirTOd. 
S» Deseriptioia of th© iipptratas., 
fh© appitrata© im-®. illustration) eonsists of the follow-*-
ln§4 
fl) A r0otam.galsr 'frox, t# ft, m g-i" 4 ft, with 
a glase t©p a.nA sitesj on# sii@ is hmilt. m that the ^ass 
i 
ean h@ m.omi§! aai forth* rhi,s box is painted on th© 
inside with m whit# paint whioh do«s not appreciably 
absorb oil drt^plets. 
ft) A -oopper wirif ®#r«©n oag© fll- ft. x E-§ ft. x If- ft«) 
fhls ea,ge i© pla aad ©a th# ineite of' the box a t one end 
(in llliastrmtion)• It is ©pan on the bottom and its shape 
is ©uoh tMt it osn be aoved in and oat of the box with ease. 
- m 
A pl#ee of b,eaT3r 'brown ]pap@r Is Always placed under-
meatli this cage wli©n it is in the testing "box.,- Actual tests 
proved tliat this pap«r is of eonsid©rafele importane®, 
siiioe it &.&moTh& %hm- Gil droplets which fall daring the test 
•m& th© flies trim "feeeoming eatangled in the 
oil», Si^lfleant THrianese i» mortality are produced if it 
is mot used.. 
fable I» t«®a3CT f@st© for th© Belative Ira-
portsts^© of t^:e i^aptr Flao-ed. at the Bottom of 
th© ea:g®« 
« 
lo., 
t&dtBtSQ.m tltm 
:&T#. m% 
Som Poljat 
Ar&• 
Osnt 
/Per 
i:ill:ed 
I 
f5ith paper t 
•J 
Wlthomt papyri 
, -• 
If-
*. 
3' t im 1&S« IS 
t 
p. 
M # 
-• 
10$ 104« 
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It is p®rha-|J€ hegt that thi® pa.per "he ohanged for each test 
thomgh littl® differtBo.© imm bsen cotad if each paper is 
ttset for mretal tssts. 
fS} f'he mprmjln^  d@vla© §Z9 De Tihlisg Atomiaer), is 
looateti #@atrallj m th© omt©r side of oii® @iad <A). It ie 
'SO pla0©d that its jiossle projeete i»to the testing ehaaiher* 
fh® sprsj eomtaia^r,., prep-ared from a graduated hurette, is 
attsehed a eorl: to th@ atowizer^ and ie .graduated so 
that the aaomst Qt sol.atioa mn h© r-tad to tenths of a cubic 
@«atiia©t-©r.» 
(4) A mmpmm&ii air liae ie attached to the atomiser. 
*• 31 -«• 
fki® a oosstant- five pouni pressure use of a 
S&fee SMttoiag fa It© IB)., 
CB) Aa elsetrle.fitB at the eM opposite the 
at©m-iBer,, is r©galat®a t© glT© a eoaetaat ^©@4 fl3)» 
(6| A. B© t08i|>®r®ta,r© r@gtalat&r., maintains a 
feature of 80%. 1» th® feox. fh© temperature of the 
s:tir-roia:Siijag r&o® i« •eomtrolled roughiy hj means of j^dia-
tore IS)• 
Bm tr&#©amre of the fest.« 
After air.iBg oat tk# test box., the wire s©r@en eage is 
l^laeet IssiAe Qirer the pleee ©f hmry wrappieg paper . Forty 
to slxt^ house file® of the saiae age are- tntrodueed into 
the wire s@reeii ©age through a hele in the ©ide. The 
la el©se4 %l^tl|r,aad the-.£aa i® switehed oa* UpOB opening 
the air line the spray fl#l» c.e*) is atomized into-
the eage Kihere it l.s MstriMtea hj the air ear rent from 
the fan. 
At thirty se-oond intervals, ecmntia are i^-de of the niffliber 
of paraigr^ed flies (i*©*» Iring on ^eir hacks), ^hese counts 
are continiied until oTer 50^ of the flies are down. (All 
tis'ie measaresients were made ¥jith a stop watch.) iThe test 
la ©arried ottt for eight aiinmte®^ after which even the weak 
pyrethru® extract© have paralyzed the ma^erity of the flies.. 
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At tfa© ©oaolttsloa ©f tk© test, the box Is ©p©iied aafi tke 
se^eeii ©ag© in earafttlly resove^. f^© fltes are counted and 
then by aeaws of th.® pap ear ok mhlch. thaj lle» are trans-
f@rr©4 latO: a p.rtirtotiely pi-eparei. asrllndrical wire cage 
f^ollowiag the testing boK and screen cage are 
tb.oro.itgiil3r wipea and alret out and the apparataB is re®ay 
for ^mLotimx exp&rtmBnt* f#oi .diluted milk soaked 
vLp by © pleee of abeorbeiit eottonl is placed at tiie disposal 
of til® treated fllsa* After £4 iioors, .©oa33.t0 are made of 
tli© dead ajid llm flie-g., 
Oa one partiaular day,,,, the fly jjopulatioa appears to be 
B0iJ-*:41ffereatiat©i aad ymmog&ncmm^ 'but ©s will be later de» 
serlbed,. it varies t© .@o®@ extent from day to day, Tiiis 
imkes it meeseary to ©arry oat a 60»ple1^ series of tests 
eaeli day. ©le sarais coatrol solution is «sed for all eerios 
so tbat tests perfomed on different days are comparable 
tiirougli tiie TalR© for the eo.»trol» 
fhe s|)esd of aotion Is tsken &s the tisi® when SQ% of 
til© flies are pmrsly^ed. From the oounts HBde at 30 second 
interval® aM the total number ©omnted at the end<£ tke 
teat,, the .6O5I paralyti© point earn be eaBi3y oalomlated by 
Interp-ol® tion., 
4., feet for reprodmelblllty, 
f® tmt tfee refroduoibillty of t&e re salts given by tiiis 
«- 33 
a sei»l©s of nlae almilai' ©xperiaents were Biadej all 
with th© sa»»:6 stpengtli of pjretlirwa extract, performed under 
ttoe sam® e©nditioiis witli flies of tla@ same age- 'Plie results 
©f tMa series ia gi"ren as f©ll-©wss 
Tafel# 2m foxieity of a ^jrethrtm Ejctract to 
fioms© Fll®® at; -s Consent rat Ion of 0.000S9 
.g,. Pyrst&riii 1 «n-d II per ©.e. (soltitlons 
ma-®d and eosdltioas maiRtained were the 
saM® for sll t@sts.) 
} :S J 
Sample • • : paraljtle | joints Saad after 24 hoOTa 
So# -fli#8 t .{la s®0ond®i ) t Itaiabe sr ! Percent 
1 
t 
S 4f 
t 
J ' @1 
• s 
t 7 
• 
« 
J 14»9 
2 t 42 s fB t 6 • 14.3 
3 s 30 s ; 9 : 13.0 
4 s m t ff 5 4 s 10.3 
B t sa s ta m « 5 : IS.2 
6 i m t ?© s 11 « 20.Q 
7 3 43 t 77 s 6 * * 14.0 
8 S. m «. * 80 S- 7 • 15.6 
9 t 64 81 • • 8 1 12,6 
s S s 
-/ 14.89?& 
2.^  
Weighted means#?S,4" 
Stand. di&W; 0f ol^er^atiOEis 2.CK>" 
Percent ©rror of 
Staad. de:r* of aeaa., 0.66" 
Pereent error ©f a@an*.».. .. 0.1 
It eaa be seen from tliese data that the wines for both 
the sp©®d of psralytle action and the pereenttage mortality 
ar© QiJiite reproducibl©, Th© stai^ard deviation aad the 
pereeBtsge ©rr©r of th® ©bs@rvatioas indieat© that th© 
19.*?^  
0,99?o 
6.^  
* 24 "• 
criteria for the speet of paral^tle actloa are eepeeially 
aaifom** p@r©©utage ©f mortalities extendb over a . 
wider mngm* to d#t@rffit»® wkether tiiis ©eri^s was one 
wMe^ ml0.^l'm mpeetet Ixi th© process of random sampling 
from a popalation is whioM th© ©Jiano« of teatli is oonstant^ 
tfe© €ata *©re t®st«d ©tatistioallj by the method (S©e 
H. A. Fisfeier, 1930) mBlag th&- form of eompmtatton derised 
by SmMeoor* aM eepeeiallj adapted to the present situation 
in wiiiok- t&e lumberc£ flies Taries from test to test.** 
•fli© .metMd msed is lllastrated as follows. 
*flie standard deTiatioii;(5'. wag oalealated from tiie foarmula 
(T m «h®re d ©^male eaek of the indiTridtial deviation 
/n^r 
fro© the naean, a ©tt^al® the noaber of .saaiples* 2'h© percent-
I 
age error (^©effleient of Tarittion) was calculated froai 
the fo-mmla t.S. « J^f^where M ©tmal© the mean. 
**Saedeeor, W, !rhe fomiila ia as fet ^pablii^ed bat ie 
in geuBral mi® at lewa State Gollsge. See :Prooee4ings of 
Iowa Jkoademj of S©lemoe f in ®s®*.) -m well a® Irwin in 
Senetios Clig9). 
- as 
faM© Metiiod for Calemlatlon of where ntambers of 
Sxperiaeiital An-linals Varies from Sample to Sample.. 
is meed to t@st wfeetli^r tiie"p©r sent killed" series 
waa oa® wlil-eli migfet fee .©scpeetot In the process of random 
©ampling fro© a poptilatloa. ia laic^ th© ohanee of death 
is oonBtaiat) 
jlo-. 'Q-t J.lb * feilled J: Per cent s Product' of 
5letflies fs )i ffej :killed fo) ; )l3 X c) 
1 
: 
t 4? 
.*• 
* 
• f 
I 
: 14.9 : ' 104,. S 
2 : 4g • ; 14,B ; B8.B 
S I SO •I f : 18.0 : 162.0 
4 J m 4 t 10*3 : 41.2 
5 ' 1 m •: S : 13. E : 66*0 
6 m •» « 11 20 J £^.0 
f i m •* •*. 6 1 14.0 J 64.0 
8 J, 4S : ? i 15 : 109.2 
1 m ' * 8 ! IE. 6 : IpO.O 
2E a. 35. 4SS s Wt. Meaa^ s 14*.89 (^bc) s 97£*5 
fli© formulas {1|; wher© 1 ss Bo* of eamplee 
 ^ 6"^  « standard daviatiom 
©(Jim red. 
6^ s standard dev. sijuared 
of til® Ixypothetical 
(E) s 100 J Bernouilli eeries. 
—— - (100 pi •mh&T& p » fraction killed. 
fXXOO t) , . i.p not Mlled. 
(H) 
%eigkted sean ealcmlated takii^ into eOiiBideratiom tlae 
of fli®:S in ©aofe saiBple^. 
-m •" 
-i|S. a .4T|. im P «5I ~ "ill « 
ilO© p)® s gES^g; Q s 3,^]p a 1- ^1494 s 0.3506 
Froa fem^ a {2) 
6® » 223^2 
« gtf,;0- - £23. g s 6.f 
?3P®ia fo»-«l.a. |;3) 
6| = 
Ffiwi fommXwi^  ill 
ss -s» 
X« is fe® find fell® ip} wiil«slx is obtained fpom 
th© X® taljle {S#© Flsii©i*# 1S30)« fh® table la always entered 
at H-1 w1il#h. ia tilts jgsas# Is S. 
p »• 0:,@S 
®lii« profesbilltj TOliae 0»S&, indicates tlaat smck a series 
of "mortality" data, is ©atlrely possitel© tsader the chsnees 
of- raadm «a*Hpli»g. 
iia^ b#©m on fclie relationsMp of the p«r 
©eut of' flies pai"aa.;^ze4 fSiarlng a single t@st ¥;'ith fc'he elapse 
of time* Some of tli©se data are given in fche followlag tables 
fabl© 4. lelatioaship of tim f&r Geat of Para­
lysed files to th® Elapse of Time, Tfm aame 
8©l«tl®a waa appll©# t® eaefe »a»pl© aad con­
ditions w@T& Meld constant. 
Tim® Imt • 0@at' ?ai*al:r2@d 
aeeoi^d-srSaiBplfs I " "' 11 • " III • • I¥ ' '" 
* 
IS ; 2 • 
so s 16 15 13 4 
m # • 50 56 46 S8 
m s 68 •rd 6E T7 
m t fS &? to 8§ 
110 t m m 93 S7 
130 i m. 9? 94 
150 t 89 im m m 
lao * 91 100 m 96 
210 1 m 100 100 100 
240 • 
s 
100 100 100 100 
o uJ M >-
«I: 
TIMEM5EC0MP3 
flfi.1. TwiCftL PftEftiVTlcCuE^ ES &howlk&RElftTl<inship OfTime With 
Tnt flRCENTAae Of PflROlYZEP FilES. 
m 
The grapli illustrates a amTser of the paralytic eurres oti-^ 
twined froa t3a@s-e data, fhe tests were of eouree all made 
witii tJi-©. same s.©lation under eonetant eonditione. The varia­
tion fmnd mu&t largely due to th® yariation of the in-
aiTidmal file® in each sample and the eiirves illustrate Jnst 
how arnoh yariation mj h® ©xpeoted at the different points 
in the paralytie etarws. In these j^rtlcalar oases, the 
100^ paralytie point Tar led from ISO to 240 seconds. The 
50^ p-oint rsige© fafo® 4® to SS seeonds* This ex­
plains the reason for mai.ng the 50^ paralytie point; for it 
represent© the aetion of the e3:traetB mpon any one partioalar 
sample of flies 'better tfesn aw other point on the paralytic 
earye. fhese data stitostaatiate the prlneiple "brought out "by 
B» .fisher in a paper fey fattersfield and Morris (19£4) 
that aeetirate eoffiparisone Isetween yarious strengths of in-
seetieide© ean best "be made when the ooneentrationB are 
@tt©h that ahoat SO^ of the inseeta perish# fhe prinoiple 
ean ^e extended to the eomparlson of rates of paralytie 
action*# sinee 'both the rates of paralytie action and the 
percentage »ortality are Indieations of toxicity. In all 
the foregoin.g regea-reh, ©offlpsrisons between yarious eoneen-
tration® of pyrethr^Jia extraet© as «ell a© 'between kerosenes 
i In this thesis the rates of paralytie aetion. g^eed of 
paralytie aetion aM time of paralytie aetlon have been 
aaed .^nonyaoraely. 
"feaeB. ®ad« sjcelugivelir at th® SOfS paralytlQ point* 
4* TmtB wi%.k a Smi&& of inmrmBlng QonemtmtionB o£ 
Byif©t!i3r» atarsest* 
Mm- i^i?©'rt-om..siy ofeserTed that 
.greater mMmntrntioms -of ^r^thriatt ©xtrs©t psralys-ed the 
files mor© <|miefely. In ori©r to inireBtl.gate this hypotkesie 
thoromgiily^-*® lm§ s©ri© s of t«sts w©re earried out 
witli mmmMtrntloBB of extract wajtrlmg fmm thrm-foarthB 
* 
aat ©s© 1^0mnd t© tlir#® aal ©i.:s pomat:® ' p-er -gallos. fkese 
©oi»ejitifa.tioB« were pi?©pared tli© fi^#©latio.3Ei method; all 
w«r© trm t&@ -same l©t of prsTioaslj w^ll-ffiixed pyrethriaa-
|)Owdfer» {0.,Si-^' pyretiirls I #OJit@at hj fattersfield*© ishort 
@@ld Sine© tJi© fli^e iraried ©©msMerably from one 
day to the aeict m will Is® d@8eri"fe#d lat@r» all ©oneentra-
tlosB wem t#st©-d ©» the sama day, m flie-s of the seas© age, 
wider emstasat e<mditlc3iig, G<i®|jari©oi3.B w^re niade with the 
karossn© ©ol-r^st as th# «ioiitr©l» Oa aiay oa® day, as has 
"bseii mh&wm 1>y fe© r#i^rQdaeifeility ©xp@riTOnts, the fly popula 
tl©i3L appeared "be Bo»-di.ff#re3atiat@d aad hoffi#g®aous* 
Ga®ipl©t© daily series w%m TOd@ or tm. differeat days and the 
d.ata ©'fet»ln#a as well as a eimiffisry ©f tbs-s© data are stowia in 
the f^lliwing taHQs*-. 
I 
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fall® 0.. B%Flm Im mmmxf Qf ©atm &n T&mta with 
a Seri©:© of Imersitsiiig Streagtki of fyretfermiii Sx-
" '••"""•'"•••"I"'"'-'"" ' ••••' ; J^ re. 
Fart J Sol-atisia ? testa tfll©s iParaljtieteent 
J ; ; iFoimt (inifciXlei 
I I jseecmde) ?(After 24 
i t • I : 
A iZ&x^ BeTiQ B t 10 * 199 : 6.^ 1*7 
;:^tra@t|0»f'Slfe.-*-l .itoffiPartB.: 151 1 &T 
i,S3ctrmet(l .gal«|t .10 1 m§ * 133 I 68.^ 
tJfixtract 3 Ife.-l .gal.«).i 10 t &m » * 98 : 70.8 
:Extract 6 gal.)j 10 1 §m <r 81,4 : 9Z,1 
B :t^s^raet| i 'i fe^ l' • ""im i ^4 
. jExtra.ctf 1 gal,*): i J mB * i&i : 6# 
*Thm^ ar# .sirerage falwe-B* It. amst fe® resi@Kilie.red tibat in 
Jaigti^ tk@ i®ta ©a my m& that th^se ralties are 
from paired ex^periments ®M.stam€ard ieriatiO'fijs 
slio-alt lie @al©a.l.ate4 fro® thm. aiff@rm<3©-s as toas hem il-
Ittstratet.# 
«^>TH CuRvt 
pACniYTitLuCVE. 
etf. Ct»uoN.Co«KaROMtre •Kiy) 
•Sesiesi, COHCEMIRailOM of PYREIhRUM IN KEROSENE EXTRHCT. 
F1&2.. CueVES SHOWiaafelBTlOMSMlPS Of PfRtTHRun Eutwici CoNCtMIRaTlON 
WITTITITIB QF RKFTIVTIC ACTION AMDPERCEWT KIIUD. 
43. -
Ssries !• Data fr^ Tests with a Serleg of Increasing 
Strengtfes of Bxtraete. 
^ 1 ' * iBo*'" s!@D^. faralf^l# Fointt ^©roent 
Ditt1 Soluti on;F1 imt f im moom&m} : Kill 
* 
M' I  :t : 
11^19-gt ; Ker. I fa t Iti * « 71 
J f-1 t « la * «' 70 
: 1-1 •' '*• m J 14? 4 4 68 
; 3-1 t m 1 11§ « 75 
? 6-1 ;• 6g 4 » SB J 98 
ll-li-g:f •; Ker, * '« ig •« •- 198 • * it 
J f-l * '« ii • « 176 « • 65 
: 1*1 * 4» BZ • '* 14g •' « 40 
' i 3—1 • » 4' 48 *- 88 •4 75 
t 6-1 .. « 49 : 7g : 88 
•i.E—ii—E9 f % if '« * •i 57 
t "i-*i .ft- S8 1 18g •* 4 55 
1 1*1 "5, to «. 4t 155 • .» 75 
s a-1 I m * * lES * • 77 
J 6-1 «t * m •4 * 110 * 4 BE 
t SI •• ft • * 
t f-1 « •m i 185 J 62 
1 1-1 • (t^ m i iS& -* • 65 
1 s-l i '&B ? IBS • 4 77 
# €•!. I J 106 « '!*• 87 
'li-lg-g:© • : Km* m • g40 « » 68 
: -f-*! J 61 1 1&& • « 6t 
: i*l •i* m * 14.B • » 78 
• s 3-1 J fi 1 118 • 78 
s # -4 I m s 105 « # 87 
Eer. « f§" i '• • ' Xm ' « « 74 
•1 i—1 61 4 < 100 • 4 76 
J g^ i J m J. 76 1 86 
: .#—1 •s 6f t 66 t 93 
t m&T.^ * » * « I'^ E 3 46 
I i-1 t m 111 79 
* 3—1 5 60 1 74 • *' &£ 
J fi.*i •* .4i m '4 93 
I'i^-i—,s fer. # '^4 J " • •' • * ijQ 
: 1-1 • « ? 111 « « 68 
J S—1 -I 7g i 82 : 92 
1 6-1 • * S4 « « 71 s 98 
X . ^ — J '  S l e r '  *  ft • if' * * i^ 4 » * ^4 
1 1—1 * B3 « • 1£0 « 79 
; 3-1 •- BB J 85 « • 68 
i 6—1 .* •* m t-'* 70 • 4 98 
12-id^ -S#' t KerV" * « B1 » •- i.97 * * 
I 1-1 •' m ? XZ9 58 
t 5-1 m • 90 • « 88 
A i 6—1 
' m 'i!:^ rO"gg&e ». 
• 
, §1 S2-4%-r. 75" *•!••' g® 1•• eastyftat • 93 
1-1 si « -1 " 
s 2 « -1 
S'*! JE 0 n tf 
- -
flaese data are also lllmstratea in tiie graph • 
A litiKiy of these data and the gromp bring out t e faot 
that the speet of paralytle action records very senaitively 
Tarylng strengths of pyr©thrtam extract. 1!he mortality curv© 
irHsreases, slowly o-irer the rang© froiB feerosene to a 6 potmd 
to 1 galloi ©actraet# Mortality data ean only be used for 
deteimining greatly different strengths of extract. For ex-
maple.^ a thr®e'-fo«rths pomnd per .^llon ©xtraot differs from 
a on# pomns p©r jpillon ©xtract in mortality only in time 
of paralytic aotion, 18 seeonde. Bmeh dlffermees in para-
lytie action are eaaily discernible. However, in mortality 
data a differ©nea of only 1^1 is insignificant* 
Another 8@ri©® mas performsd with standard three-fourths 
pound aM one po«nd per gallon ©xtraets as well as with 
fe€roe©n©» fhi® geriesctf thr®@ solmtions ¥/©re tested nine 
day-0-. fh© data outaiaet ar© giTen in the following tables. 
•fable S.* Series II», Stiaiaary of Oat-a from Tests 
Ootaparing Standard Pyr©thr®i Sxtraet©-. 
t0-*f6- and 1 po-ttni pt©r gallon)' 
« it-
Solationj 
• 
:i o.« o f 
fests 
1 l0. .Of 
: files 
flTe. Para-
:lytic Foint 
: C in s®oonds) 
ATe. Per 
Cent Eill 
K©roe©n.© ; f J 485 : 255 53.^ 
Stand, mtr.;. : s 
f ; 448 : 188 49 •e 
Stand.. Sactr...: t 
fl lb..-l |?a3|j 9 i m& : 168 45.0 
Series II. Data from f@sts Oomparing Standard Pyretiirum 
Extracts (0#?S aa€ 1*0 pomas per gallsa). 
: iBo> Baralyiie»piff®^oes in :f©r e©iat 
^pril;s©iatloa;&f ifoiat Parsljtic txill after 
' :flles:geco»;48. iPoints (la sea):24 hoars 
'1 1 '* « • m » 4 
s « J « * • * • 
8 :E@r. (A) I 58 • 4 Ego 4- 36 » « « 4 41 
i 49 t 19S * • • • 45 « 4 46 
f 1*1 1 0| 1 m «; 150 # '« • 4 4 37 
U ;K#'r • f' « * •' ' •' • » SO • • 4 4 56 
i^«*l % •«• S6 « 240 m • « 60 « • 67 
:1-1 i m J 190 • #' 4 A 27 
16 •iKkr* 54 1^6 • » g§ • 4 • 74 
•§"•1 s "i IW » s S5 t 46 
il-l w •* 48 • « im % « * « 4 71 
jEer • fed # 'MM'' '  * m # « 4 « 4^ 
j-f-l • i* 44 J iw 1 • ••*. BO I 52 
«• Si !• 140 -* * • • 4 4 66 
ii ;i:er» i '44 « 2^'6 ' J. ^0 • • « • 48 
jf—l ? m « • 186 « « 40 » '4 20 
J 1»1 • •- 44 « '• 14§ J: • • 4 •t 16 
If s'ker. « « 45 •#• # B90 -•• « 66 * 4 4 20 
• •SS 5 2B4 S: «' * 39 1 2"! 
a-1 # * 4^ • •#  IW • « * 4 4 1& 
16 t jfe@r t> • « • E4(3 * * » 4 « 1^1 
:fr-l { 46 ;# Ifg « • « 27 * * 38 
a-1 1 m t 140 » •* • % 44 
•" "iW" 1 *• 1 88 
if-1 • •f m • 160 J » 26 1 S6 
1^1 « m > « 136 • # '• « 4 # 79 
;^©r. « » u • '# » if « • 4 .• 4$ 
•« m • • MB : • « 30 4 4 83 
:1-1 $z • im « s 4 4 60 
It Is finite ©Till©at fro© a ©tmSy of these results that the 
®pe«d 0t p«ralytie action Tari©# directly with th© conoentra-
tiofi ©f th® soiutiosi# "Si:© aTwag« soTtalities do not differ 
t© my great ©xtmt* 
la. ord^r to i^t®r.Bine wh@the.r t.li© difference© in time of 
paraXyti© action wer© Bigmifieant, the data were analyzed 
.statistieally iby fisher's ®@thod for th© determination of the 
si.gai.fi©aiie& &£ a atesa- difference. In this method tiie tim© 
of 'paralytie aetion for one solation ©n on^ day was subtracted 
fro® laiat of th© other ©olmtion .for tha.t s-.am® day. In this 
WEj sine daily, differenoee were o-titained. fhe significance 
of the differences hetween the tiasee of paralytic action of 
the standard three-fourthg pomd extract and the standard one 
pound es:tract were first analysed.. 
• 4i •» 
fa-tile T*. for sting the Slgnlfieane© of the 
iSeaa Dlff©r©B<je® Between fimes of Paraljtlc Aetion for 
StaMard f Botmt.anS stanfi-ajra Gtos WovmA Be-r Sail on 
Sxtracts C >®ri©s II) 
X s ©aah daily difference 
m « m0sm 
1 56 of samples (9) 
E 
(XJ iz^ 
4§ 202B 
BO moo 
3B IBM' 
m mo. 
40 1600 
m ISSl 
ET im 
M& m$ 
m too 
pormala (1) 0,'^: 
f^mul® (s ) 1? » 
5x»stl' ii1cxm2§»00 
alm46. 
-^x(fjc) « wa.m 
By formula (1) ^ 
<5'M « 8.83 
By foromla {2} T s 3|^ , 
tk@ taMe giTen "bf .fisher a wlme of 12»60 giTes a pro'ba-
tjillty (F) of aiiah %hB.n 0*.c31 CfhQ tahle is always entered 
St A fjrofeabilit^ r of lese than 0.01 indieates that the 
diff®jp©Jsc.©s foxmd are elaarly .significant* 
flie differ aaees fe©tw@e» the'times of paralytic action of 
k®3n50©na and th© stanAari tiar©©-fourths poHnd extract were 
iKr6sti..gatM similarly.. 4 f Talwe of wae oljtained. 
f-his gaT© 6 p-r.©%a%ili1^ of less tJasii 0,01 -which indicated 
that the w@r© elJ^rU gigaifieant* 
3j the ®am© method* tM® differences in th.© percentage 
mortalities were imrcstigated. f irala.e.s w«re obtained which 
gaT® i^rohal) ill tics well afeOTe 0«05, thus indicating that th© 
differeaceE were not r#al. Sicse results would support the 
TlQw that licrwmc ©sctracts of pyr©thrian can he ©VBluated hest 
hy as® of ©peed of paral^tia a-ction eritoria rather than 
hy th® a.s@ of laortaliti^ data« 
fh© differences in series I were also e:xs®ined "by Fishejc^s 
laathod. fh© differences in th© tin©s of paralytic action for 
all th© tested aolutlon® wer& found to he real* for the lower 
eoac $111 rations of e.3Etr@ct», the mortal it j dlffersnecs were not 
,rc#.l|. tho.B® with the mo2^ eonecntratcd solutions were signifi-
camt*; 
- 4f 
B, B#t®rsimatloia of the Moat Sffieieat Keroeea® Fraction 
for l^s@ In Extra©ts of Byr© thrum.. 
It was. soois fo-aM la teste with th© Inaeoticidal ©ethod 
that 'kmrn-enmrn ¥®ri©4 greatly affi©ag tkemselTes -in their 
m'toility to paralira©. to fcill flies, fh@. most ©fficient 
l:«ro©»e fraetion for m emtraet of pyrethriim {for hoijsehold 
©pray nee) womM, of ©oars#* fe© th© one whieh ©oald not only 
jparsl.yis-e th©. insert® In th© shortest tlme^ "but also produce 
th® gre.«t.®st nartality* fmrth©r©ore, sueh kerosenes should 
not to® prepared fr<3@ tmj low tjoiling fraetioas sine© there 
would he tsnger of axposioms^ nor ehomid thoy be of such high 
Tbolliag fractions that resltiies would remain wherever they 
wer® applies.* 
For th#e® iB-^'estigatlon© a series of kerosene fractions 
Ta.ryliig from low hoiling rangos (B.H. 310®^«3950, approx. 48° 
Bsuai@.): mp to high hoiling; ;&a.otions (g7©'^~516®F', approx. 
40—41® Bame) were te@to€. ^hese Icero.senes were prepared "by 
the or.aina,ry refining m©thods« When it was .aiSCOT erea that the 
high hoiling fraetions (400-50G'3f,) w@r© d@oid©dly more toxic, 
a nmher of kerosenea (M, 1., .and Qj composed of short '*cuts'^ 
I 
in this region were trl&d. K&roBQnes/' refined with liq.uid 
sulphur iioxid© hy 't^i© Sdeilemnw prooese were also ©xam-ined. 
H©.flnement hy method r^0Te.s aromtlc and similar 
Eorosonee auoh otrer SS§%. holllng range will tend to 
leaT© residues. 
• 48. 
h^&rmmThmB from t:ii« oil. fli© various 8p#ai float Ions qi£ tim 
feeroemes whlek were tsstM are giveja la tlie table. 
faljle 8* Speolfleatloms of i:@ro-saa©s Used Xn 
IssectleMal fe.sts. 
ICeroeeaa oi v^id©l;f 
Clff©r0O.t range®*. 
: Short eiit k^ro-tSOg treated 
ssgjas rt®e400-«600ti:er©seaes 
I g J J. » t s Q. 
* 
: ? M 1 Q 1 1 :BBi 
Im tegreea r4&»9i4a*4t43>0s4S>6ig9.es4O.6s41,Q:4g.8i 43^ 
biatiilatlob." 
im^ :B10 •:4E0 i41g -.398 :376 
• j i * * « 5 
4l&5Sfi sBf& jg£4 *44:2 :4SS :416 :415 
1 ? • • • • • * 
mil 4sgj4aa Imt hm hm ;4b4 use 
4381414 :b®4 ksi J 438 UsO ^442 
t I t j t t 
446s;4E0 •.40? iBM s464 j.44£ !4Se j4S0 
i : I s 5 s : 
4M;j4gS t414 rS42 r4-S0 :444 1440 s4g8 
t • * * ^ s « 
:S4B# lm& :4M s44§ i448 t464 
m 
40 
50 
60 
to 4f©|440 |441 rg§4 :4Sa s4aS ;4M t47S 
m i 480:460 usfi iBiO k?6 usife i466 :483 
* • '* *. • * 1 * *• 
90 t 4tgi4i£ kfS jSfO |48^ 1444 j480 J49& 
* ^ * * * 4L' « 
96 f »£:4fE l488 lsB2 I4f4 j4T2 ktO isOT 
* * * * ? s • 
S.f^i §34;40S uf€ sStS ImB t48t ;^0 i&E4 
trw 
416 
44 B 
444 
446 
450 
45S 
460 
464 
473 
480 
487 
t  ^ t s , t t 
s®ro0 loliing rang© ae Ear j g « « » « 
tt initial foiling poiiit.-, 
i4 is»JP » ©na p©iat. 
5K = degrees Fahrenheit. 
'is ** 
Til# ius©etlo4.dal test.® w©re &gt4e aeeording to th© pre-
Vlou&kf i.e.s«ri%©4 method* 0sfflffla,rtes of the data are given 
in tfae folX0wimg tables.. 
faM© 9. S#rle® III. Si»»irle.s- of Data from 
f#sts wito Eerosemes.* 
"Smt 
fi 
•ti 
t 
« 
• 
^®r6'» 
s.«i@ 
"iXiBtrnw 'Off jl©* 
jexperS.- lof 
J m©n t s i-9:Ef f t ©©tg 
•J , J 
sBo. iAve»50> tkm, per: 
tfli^ss-Baralytleioeiit • 
3 tPoint Cto:kill 
i is#©^ond®) t 
Baiime 
value 
A 
« 
s 
* 
•* 
• 
« 
: 
B 
A 
0 
«• 
1 1. 9 V ^ 
1 " S 
. " t 
m 
w 
* 
J 
• 
«!• 
£•?§ 
S7S 
27& 
• 
J 203 
; £lt 
J * 
s 
» 
• 
• 
« 
* 
•« 
36 
27 
4 
4 
4 
« 
• 
« 
» 
'4 
40.9 
42.4 
48.6 
* 
•» 
•»•• 
•-
* 
* 
B 'TfYfizK'' Tf""""i""" If. V : JwW j| X/ ^ » 
1 Eg) • 1 
« '* 1 
Z 
*•" 
if 
•• 
»• 
MS 
« 
5 18E 
5 18# 
• 
# 
1 
* 
» 
m 
B9 
« 
# 
« 
« 
'• 
40.9 
43.0 
d t 
• 
• 
# 
. « 
Q 
M 
» 
7, J 
J 1§» 171 i 
J: •• J 
J " I 
•? " , t 
4 
« #-
« 
« 
S 
1 
J-
SSf 
go 9 
19f 
8g§ 
* 
j IfS 
: 16S 
; 174 
J im 
-• «-
• 
• 
« 
• 
m. 
I 
S4 
m 
f 
• 
« 
# 
#• 
* 
• 
1 
4S.0 
40.6 
39.8 
41.0 
•fe 
• 
'#-
• 
* 
1 
BB 
i (. ]^g>^ 
tlA, IB-, Ui 
as, m) : 
t  . "  i  . .  
• 
8 
• • 
1-
%-
•$e 
« 
* 
&iO 
fit 
* 
* 
! go 9 
; %m 
« 
* 
-»• I*-
• 
• 
* 
»•• 
&£ 
m 
1 
« 
• 
J 
s 
40.9 
43.8 
1 4> #. 
« 
3 
QM 
.$ f xl*%', l?j^ f I 
S 11) J 
t " t •« 
# 
S 
«. 
* 
16B 
1©4 
* 
: goo 
: mi 
ft 
» 
»' 
•-
B9 
m 
• 
» 
40.9 
43.3 
* S8^ ®f flies were jaraljeet after eigfit mimutes. 
From m, iMpftdtion of tto-ese Sata it ean be seen that tiie 
mortality proiaaM the various keromn&B varlee roa^ly 
with th« Baia^oe value (or j^eeifi-e gravitsr) of these fractions, 
fliat i©, kerosmes of low&r (or hl^er ^©clfio gravity) 
kill larger j^ereentages of the flies* A li^t kerosene Bueh 
as keroa^a 0 g©) faralyzee very flies and its 
fi»al taxieity is iiegligiMe* The U&TOB^m&a of widely differ­
ent rang©® aam h® arranged as f-©llow3 in regard to their 
relatiTe t©xielties>. 
10* E®lativ® ^©aEieitles ©f Kerosenes of 
Widely Biff©rent Boiling Eanges. 
ker©s-.©3a® s b t> a a p c 
• • t 
iiaiMi© wlm©SiO,t® 42,4° 43® 4a»6 
. _ 4» _ _ 
fh® shorter rang© fractions between 4O0-&OO®P* all appeared 
t© ha^e ahout th© ®a®e t^xielty Chested statistically^ the 
diff@r*en©«s w«r© not found to signlfleant) • In comparison 
with a scsaewhat lij^ter kerosene, Kerosene P (43® Be) these 
frmetlons were. definitely more toxic.- fhlm finding was sup­
ported by atatlatieal analysis. 
Refining with liquid sulphur dioxide appeared, to make 
little differenee In the insectleldal properties,, provided 
the kerosenes were of equlYSilent boiling ranges. <Sueh treat-
laent, however, always lowers the speeifie gravity, i.e., 
raises the Bai3®i© value), ?hls is well shown in the data on 
Kerosenes B the niortalities of whleh are approxliaately 
©qual* 
The differenees In the speeds of paralytic action of 
various fractions were jnarked as. is well illustrated In the 
data with Kerosene B (48*6® S@) and Kerosene B {41° Be), 
- m -
Q iiM rslatitel^ to paralFa© flies when 
©offipsred witli E©ros-©B@ B. Among the higher boiling fractions, 
iio-w@"F©R* til© tiffer@sces ia paralytic rate were not BO evi-
datit», fh© kejjoseiies refimd W tli© ordinary methods ean "be 
plaoed in thtm groaf^a of general toxielt^^ ratings-. 
falsi® 11. Helstiv# foxlciti®© of EerO-seaes, 
• '  '  " ' '  ' '  '  '  • '  " 1  ^ 
% Bsma»... : foxlelty . 
• t " i 
B,. M. t.* Q gf.8-4ie> imnt toxle 
A, F J 42..4^40® lies8 to:x;lo 
'• » 
Q. . I iXt^ast toxi.Q 
\ 
Of th© most t03cl@ ^LeroseneB—B, 1, and Q--the last 
three were prepared from short i-ang€ fracticms and were 
ratiier' 0p©@iali2@d q-11s« i:#ros.en© B, a fraetio;n of longer 
rsmg®, (B.B.. m-s. q,al%^ STaitalsle for 
praetieal isiirposeg sad wag iisM ©xclasiirely in all tJife for©-
$Qlng inirmsttgatioBS. 
»• ©e *• 
0., • gat Ions to Ageertaia the Belatioa of Degree of 
f " O f  f | ^ r © t f o r m a  ? o i ? t © r B  w i t l i  t l i ©  S ^ c t r a c t i r e  
Iffieieney of. Kmiimm* 
Pyr©t3srtiia'^is martetet in B^Teral degreea of 
fineness,. tJi© ©oars© form (passing through a sieTe of 12-
16 m-mh}., t&@ 30-40 ne.sli powder.» and tte BOO mesii powder. 
some fflanufsGturar# elal® tfeat th% #j:traetiTe efflolenoy le 
tfnallif good, witjfc ths eoars-e aa mlth the fine powder s jot hers 
aseert tliat the 30''*«40- aesfe powder In^er^see extraetive 
effioim# far m'bove tk® ©oars© form;, still others state 
that tk© WO mesh f^owler giTes far tk© most efficient 
e:^traetlon vdtli feerosene, fhe final or Iter Ion of the ex-
tractive effieiemj of kerosene on these Tsrioms mesh powders 
^omia l)e fflad® toy tests of th& relative inseoticidal power. 
fMs prollem wm afproaehed frosi. tMt asjjeet:. 
SsEtrmots (1 .pottnt 1 ^llom) of powders varying -in 
degree of fineness fro® IB to 16 mesh, EO aieeh, 30 me ah, and 
4S were prepared 'by the msmal »thod of per eolation with 
feerosene* fheee powders all ease from the s^ie previonBly 
well mijsed 1st of powder and were prepared to the various 
degrees of fineness "by grinding throm^ a Wiley mill., from 
tlii-e sa»e lo't of .jpyrethraia powder» standard extracts were 
pre^pared in the follei?ing manner. A known weight of powder 
was extraC'.ted for five hours, in a Soxhlet extractor with 
-mth&T* gave eo«|>let© ©aetraetion of the powder# 
51ie peti^le^iaa ®tlier solmtlon was then ©vaporated in a current 
of GGjg. fhis left an oily residue e®ntaining all the pyreth-
rins In th© knuwrj wei^t of powder and it was dissolved in a 
teown vol«m©. ©f keF®s<in®». By so d5 ing, a standard or known 
solmtlon was pr©par#d» Stsndard solutions of one-half, three-
fourths, and one pound p©r gallon strengths were mad©. 
Then, by comparing the Inseetleidal power of these so­
lutions with th€®e prepared just previously, an index of th« 
©iXtractive effieleney of a kerosene pereolation of the 
various grades of powd#r eould h© ohtained, fhe atandaiHl ex-
traet one pound to one gallon represented 100^" extraetion,. 
fehes standard extract three-fourths pound t© one gallon 
represented 7S^ extraetion, th© standard extract one-half pound 
to on© gallon r©presenfc^M @xtraetion» 
A pr^liialnary seri©® m&s first raade in which extracts of 
12-16 m@sh, 20 wiesh, and 45 roesh were com]^r©d with the standard 
extra©ts*: A sumffiary of the data ©htained in this series is 
given as follows* 
- m -
falale lla. Series I?., BvmmBTj of Brelialaarj fests Gom-
S^t-raots of farioae Mesh F^ethrom Powders 
with Standard Sxtraets of that Fowter 
^Ilarch 1930} 
' tlo. oftlo. of;Ave«50^ Down:ATe,per 
BQlmtioii ;:3!t.8t..g. ,iflies tBo-lnt .in ee.c4.0Qnt fclll 
K^rosen© .B 
-• 
s S 
» 
• 
•*, ME 
« 
*-
* 
* ES8 
* 
« 
* 44 
Stand..SKt. l-lb,-! g@l.. »• «' 3 • leg * •m. 140 «-• 54 
Stant.S^rfe., f Ib.-l gal. S * • 142 • • '  159 * « 55 
12*15 Mesh Powder E3£tr« * • S • * « * 151 * • 65 
go WM^  Bo«a®.r .Ixtr* • t 3 • • 15? « « 158 * •i 55 
45 llQsh fowter .Sxtr* 
'* 
3 I 1$6 « « 151 • 62 
I: 1 • • 
Am. can. th0m appears to "b© no aignificant differ* 
eiie©@ In. the iuseetieldal power o.f th# ©.xtraot© of these 
ta3?ee grades of powtei-# fh^j are all. approsEimately eq,ai--
Talent ita .©p.eea of p.a3raiftl^^ aetion> Furthermore., a com­
parison with the atantard ©Ktraets intleatsB that 
extraetive ^ ffieieacy was obtaia^a hy kerosene on tl^see 
grate.8 of powd.ere* 
fh© fact that th@r# appear®# to h© no real differences 
in the ©xtraotB of these thre® grades ot powder was tlie more 
sarprisiEtfeiBoe pr&Tioua ao.rr©epond.QBe© with rariou-s 
ma.niifa©ta:r.e.rs haa elai®@.t tefiaitely that there wotiia Im 
Sif f@r©ja,..oeB, 
A.©c©r4ii3glj,-. in orter to ©heek these results,, an en-
tirel^r new set of extracts wer© prepared ancl t'dst&a in .a 
long, series Q.n s^-rm ti.fferent a@r,s« fh© .data fro© this 
serie© .i© reported in "tij© fo.llowing tahlas. 
m 
..fabl® 1.1 B. Y* Smsmjjy of Data from feste 
etmparJng Sxtracts ,#f fmrtea© ©f B^rretiirim Pow­
der with F;tandard Ixtraet^i nf tiiat Saci^e i?owd©r. 
(Mm'&h 1#S0) 
:ATr©.iO^ Bara-
•if-e@t:SsFli©etlyti© f ol.iit 
So la t ion • .;• ; t (in-sa ooade) 
; s : 
Ay@. per 
cent Ifeiil 
(after 24 
hGiars) 
f 
1 : 
.J MB t 201 67 
3ta».d.»i5xt.|'..(i gal.4 t mi I 110 64 
ataiid.S^tr* f 1 g8f : xm 51 
gtaiid*lx:tr.f0.50 f 1 4iS t xm 57 
.lB-15 Mmh{l g&l*J 7 I mB .1 iss 69 
m iS^tr^ll f t 43.g ; im 62 
M#©3a lxtr»(l f J s ISi 67 
s • -• 
fro® -mm- Qt thm mmmtrs" &£ th&&& data it oan 1)© 
®©m t^at til®, r&smlt© ol)taio,ea Im prelimiBsry series are 
#0rrQ.b©r-at.«d* f©r the ©.©©oad time.^ @s!:tra.cts of 
®#sla. ^ow4#r.» - SO mesli ]p0wder aad 45 mesh powder a.p-
peared t^^- fee approxiiaatell' @Q.»-l''^sl©at .la luseeticldal power 
.ftii# r®#p-#-0tiT©, psr8.1yti<s tloi©© were ISS",,. 105^, and ISl**). 
G0ffll>arlS:.Qms iffi.tfa etaaterd ^sctraets iMi<j-at@d that the various 
grades gaw an ^xtraetlve ©fflciensy of atout 
A aarirc^ ot Vm isortallties prodmeed "by the vsriouB ex-
ti:s.dt© iMloated tjbat tfa©r© v-&m bo real and signll'ieant 
djpfer®»0@# .h©r€!.* 
' "111 0rt®r to test tfe© ©^tractl'V© effielenc^^ of a £00 rnesh 
pe^#r,, maofe#r saapl© of f^-©tJirum had to "be used, since it 
was foaad tMt a fine powter sueh as this could not "be 
§r^m»d without eonsideratols loss fer the maebinery wiileh was 
aTaila%l©* fiierefere a commejeeiallF ground BOO mesh pow&er 
was m©ed for this exp-eriment.. Staii:4ai'a ©xtrae-ts of three-
fowtiis one po.xmd peje ^llon straagths were pre-
pai'ed aaeording to tlae ]p:3retloti©l2r d©©6.riTs»ed metliod, A <me 
poimd to o&e gallon e:sjtrm@t wms p^e^red tli© astial kero» 
B©a# peroolatlon metliod# ffeese solmtions mr© then tested 
eQmgaratimlj in a seriee perf^iP-aed on eiglat dl-fferent days. 
fim data are given as folloisB* 
fal&le IE* ©erleS' .VI» Samm^rj of .Data faro® Tests 
G-©m|5arlrig 6n ISxtmot. of i0O fjret^iirmm loiidei' with 
Stamdsafd rmtmctrn of tiiat SaaMs fowder. 
(April I9m) 
,..of sHo«oXt&T©,so.5^' Para* 
SftimtiQii: i tests I flleai lyt ie I'oint 
X : •. Citt seoonds) 
Ave, 
i:ill (After 
E4 hrs.) 
Eerosene. B i 8 ^ t S8-© : E66 
Stand.Tistr..lit llj.^l gal*.|t 8 t 40? t Mf 
S t a n d  » 2 3 £ t r . 1 0 * ;  g  t  4 0 7  ;  g 0 6  
BOO Mesh -.Ixtr,?! l%--i galk S 405 t 180 
5E 
46 
&Z 
56 
A ©ttiii^ ©f this Indieateg that •& .800 meeh powder 
gives ^n esctraetj-Ve effioleneF with •fee.rosene of approximately 
Wfam fhe mo.rtslitie® do. not vary 8i^ifieamtlF» 
It therefere .appears evident tha.t .all -.ooara© powders 
varying from l.S-^§ aeeh give afeotit the same e.xtra.ctive ef-
..fieleaef., tMt 1b, fi»0O per ount* aowever# a fine powder 
of .S0O ffiesh give© a glgnlfieantly higher extraetiv© efficiency, 
that im,, ®feoiit. 90 per &ent.» 
B* mAth tiae Gbeaieal Metiioa - the 
of P.Ts#thjel» I« 
Am pi-0TiomsiF ja#iitlQ.B@a tfee ehmieal mal^ms asea in 
tkle 3r##«tr0h wer# fatterBfield*© long and shoi't .add. 
ffi#thoA© for the det®3rala®ti@]a .of pr/reth^rln I. i^tters-
f:teia*e afeost aeid siethod wm msed in th© asa^oTit^ of the 
t®sts|. tii.@ .loag aett ©alf In a fe® ca0e©.» 
i. f«ste m the tlTan "by th© ia6th.oa,s# 
V 
Both metho.ts were fO'mnt to- giTe repiroto^lhle result.s; the 
iGng aei-d m©.1±t©d gaf# siigiitl^r higher Talues, Through 
the eourtes^ -©f Dr. 0..« B« UimSiiig-#r, it was poesihle to per-
f.0.rffi a eheefc mal.^'sia m a saffipl© of pyrethrmm pOTd®r which 
hat preiriously he» anal^at^d Br* fatterefi-eld.,. who 
used hi© omn m,etk€>-d.*: fh© r^Bmlt© of thi© test are given as 
fa hi© i^.,. Qim-mU of a B^ethrm.® Powder 
w.lth fmtt©refi©id*s Sh©3?t Aeid Method. 
t #-a per 
l'Wr©,#tiiAt.0r s 'I ' s- il i t fli tf jfy:r«thrin I 
*, •• « ' ' .* • 
.« « -i 
f at t ®r sf ielt J 0 #.i8 tO * St 5 
« « 
:* :* 0,585 
*• • • 
EiQhs*d8esn s:0 ,*,f8.,?0 .*g©. mtO»mt 0.072 
It i0 eXe-ar from t-hes© data that the method giv©-s duplie.ate 
fmamtitstive resuXt-s* fh<& Ghe.©l:ing of Tattersfi©id*s ralue 
womld al®® indieate that the ap,|3aratii-s and. teehnique used here 
were .©isti®e.tory, 
m -
g., fk# Cheiaieal Aaalr^i^ of fjfethrin I as an Index 
of iBseetloidal tower* 
If&tte^esfleM sM his eoworfc^re (ltg05 kare shown fey 
t«.s1;£ on stphM© %imt th%- pyretferln I .©caateat of a oyrethrain 
powde^p giyes ai4 a,©#tirate tadex of luBeetleldal power, 
Siastdiagtr and Sorl ImT© eoae to the ©oaolasion tixat 
tlie *fe>tal pyrotiiria as ©etii^ted "bj tbeir ©hemieal 
ffiatiio-d gi^es a r©lia:Me iadication of ineeetiQidal power, 
©aadlngei' has farther alaiffled {in a priwte eoaEnaiiioation) 
that the pi^rethrin I cont@at as Imdleated "by ITattersfleld* b 
method d©eg not glT© a good iadex of toxioitr. 
IB order to liwestigate this problem* four different 
saaples of pyrethrm powd#r were saaalyze-d hj fstt©rsfield*s 
short a#id method, fhe remits of th©8© ohemieal analyse© 
mr© gires In tim foliowiag tal)l@. , 
14,, 1?yr@thri» I 0cmteiit. of S.@ireral Fyrethri® 
Powders ffested toy fattersfield^e short aeid 
"Bftwmmmt AIAiTSES sATe. per ee»t 
towdey :--I—I n ; Stl: 'IV's T -jpyr©thrin I 
hot II i0.g7tO,S9:O*g9:O.S8:O.g9t O.gS 
iot lII;:€>aSfQaEt0.,lB;0.16: t 0,.1S5 
l^ot If i I t 0.265 
Xeroaene extracts (1 lh.*>-l gal, and 0.?6 lh,~l gal.) of 
these pjre-thrtffli powdere were then prepared by the usual method 
of pereolatioB* One powder was T@ry fine {ZOO mesh); the 
othe.rs wer© all ooarse {IB mesh)* As has 5ast been shown. 
- m 
effieleaey of kerosene varies to BOIE© extent 
with tim te^#© ©f flB©jae@s of tli© powder. Heme, corrections 
for tills fsriatioa hm® lJ©en made and are slao«n as follows. 
falrl® 15» A* Oorrectioas of tim P:^r©thri,n I Content 
Sate far t&e E«latiT# Sxtraeti\-@ iffieieaey of Kerosene 
on tlie 'Differ@Bt ©rsAes of Powiers (one It^.^one gal. ex­
tract#) . 
^:^©tliri; 
Powter I'iyrethrin 
• 
tllesli ofii'erssentidai. % tjr, I o.^ 
IsPo^d-er sISsKtrigietipowter extraeted by 
: I '.Keros^ae. 
tot 1 : •0.:g44 !• t • 90 t • b»im 
hot II J O.SB ; W t 80 ; 0,SE4 
i.ot in J 0.1S5 ; 15 ; 00 t 0.108 
I*-©t. I¥ J 0.E66 1 IS ; 80 ; 0 .©IB 
B. Corr®®ti.oiis for fhree-fourtlis Pound 
to oa® &®llon l^traets* 
tlct-. fa .sAffit. in Bxtr. *' J- Sx'fer. Sf f i G. :Cale..""^4 
B©wd«r j-pjr, I jwitfe 100^ Sxtraoti on; of Po¥;der :Pyr. I of 
» t t »Powder ex-
• * • 
M * • •* : tr. Isy Ke r 
X^T'IX" t"w:w w J • ' ; u.X(5W 
L&t III :j 0.1BS i0,?5 X O^tm a. 0.101: 80^^ : 0.081 
iot I? 1 0.B6S %MB X Q,m§ i mf^ : 0.159 
* A 11>', - 1 gal,, ©xtr. i© taken as: 1; a G.,T5 l"b. - 1 gal. 
©3:tr, woult then fee e-tnal to 0..fS. 
fliese ©xtraotB w@r© tested eoaparatively in an insecticidal 
s.eries performed on eight diffiar^t days* An -additional six 
series mmparlng ©streets of Lot I and Lot II powaers is 
ln©li>4@<l* fiie data ar© shown in tlie following tables. 
sm " 
Pyrethrin t as an Index of 
Ins®etici4al Wow&t 
(Speed 0f pafaljti® aetion given as , 
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I33s©etl0idal power was bj the speeds of paralytic 
aetioa* Wsm a study of th@B© results giTsa ia t>oth the 
smmaries :®iid the graph., it is ©^ideat that the chemical 
analysis for pyretlirim 1 glrm m aeemrate index of Is-
se©ti(3idal poller». fhe re.stilts frsffi the eomparatiTe tests of 
I.©ts 1 amd IX iii part B fm?Jiish data whieh a oalcuJsfced 
falme for Lot I ig ineladed la part A. the imlues from tests 
with I.ot I» lead additioml ©apoort to the data, hut even 
withotsEfe iralmes, the remising results give saffieieut 
proof of this propositioii* 
3. The 0hOTi©al Method m m ludieator of the Deteriora-
atiom of Byretlirffla Fowders. 
pyrethrmffi powders tmfterg© a eonBtant prDoess of 
deterioration in stora.g@ has he^, ael^iowledged hy the 
aa.Jority of the iaFestlgatore in this field.. Snadinger 
{1§S1) ha© fotmd that wh®a ijowders are kept in closed ti^^t 
eontai.)^(frs, they imy mndergo as iirateh a© 30^ deterioration 
in a period ©f two years, fhe prooess o.f deterioration takes 
plaee especially rapidly '%'hm the powder is exposed to a 
dafflp enTironsent^ Xt has heen thought that this deteriora­
tion of pyrethrm powder pr©ha1sly oonsists in the hydrolysis 
of the two esters, pyrethrin I and II, into their respeotive 
aoii© and alcohols, Slnee the ehemleal method for the an-
aly©ie of pyrethrin I depends ©n tijte isolation and eBtimatioa 
of the iBonoearho^iie aeid, there has he en some doubt whether 
the .analysis woold indieate cmly the a.eid of the aotivv:. eeter^ 
wolilt it m% %© po:ssi1>l0 ttob tlie aoM freed lay hydrolysis 
of the aster asight register in tk© etomioal analysis? The 
|tr©smt r@s:©ar0li waa iaBi,e2*ta.S:6B. to • investigate, this prob­
lem. 
A gti,ffi©i«mt ^«ftpl« of tot II pyrethrmm powder was 
divided iiit© two portione.. On© portion w&b subjected to 
a prc«.®as of artifioial deterioration wMch eoneieted in 
exposing It to alternate oonditlonB of dampness and dry-
aesBt fhi# portion was first wet witli distilled water and 
tken a:fter m .&ort period allowed to dry in order to pre* 
•irmt fua^oita growth. fMs treatment was ©ontinned for a 
- period of one laonthi,. after whiok it w&b deolded to test 
kerog^tie e:-%t3^et:@ of both portioas to ascertain whet|i©r 
the treated powder had deteriorated in inseeticldal po?®r. 
fhese ea^traet® were tested o^paratively in an inseetioidal 
series, the data on -whtoh are given as follows. 
•paratlve ' 
terio. 
f  * Ser 
fest.s o 
rated ?• 
les y.III* Sumsasiy of Bat a from Com-
t gxtrmots of Deteriorated and Unde-
ortioms of Pyrethrm i>owder. 
Solmtion 
1 
lEO. 
11 e®t 
i  :jAve»SO'^ Paralyt: 
tBo.o.f*point lin see.J 
loiAve. % Kill 
: after E4 hoiirs) 
• 
i:ero.®en« 
®H:t,fi-i,) o; 
» 
* 
% f  
t  t  
•• 
J  0iS :  m i  
« * •  
* »' 
• 
: 67^ 
• 
*. 
portion 
Ixt'.. (1-1) 0 
; 7 
t  I 
t  Sf® I 133 
*  >. • 
• *- * 
; 69^ 
* 
yi*sj%s?x xwir»w«9' 
fFortion 
« 
I f  :? nm 1. tm 
«*• §$ *• 
Mi of th© sp#e4s of paraljtie action of the 
t*o e3£tra#tB- (<i®teriorated portio-u. ISS",, mdeterlorated por­
tion 1S3"). it mmm mMmi&t that - the pmS.-eT whioh had •been suh 
to th# teterioration. froe©s® had definite-ly lost in 
in.#eotieldal,'g©-w©r. 
Ghsffii-eal aaalysis by fatteirsfiald short aoid method for 
pyr^thMc. I w#r@ thea, mm£^,m bdth portions*, Th-e-se analyBee 
i 
sr©' shown- im the 
fa^le iS» Pyrethrin. I Oosteat of Deteriorated and 
^d^terlormtet Portions of a Pyrethrtx® Powt^fer amd Caleula-
tioa of Amounts artraeted frciB Powder* 
I Analysts sAre, € :Ae t.% 
tyrethr^aa i' - ii lill t iv t f rpyrethriintpyr... I 
: J J ; ; : X : ext.from 
J : i J : tpowd^ 
J J ,5. .J : i :oalc. 60-^ 
ill,....,.•••.ii.-u.,. .,|,S..,..,.|., -f.., ...11 mU. ....if • i.. 
TlHffl®t@risra1»@d t i -;- t t s i 
portion iO^ef?G .git0»Eti0.gSs0.S9; 0.28 i .£24 
Biit:@ri6rst;@d :• i sir: : 
port 1 OB :0>B4,£0.,M:rQ.»B.2: ; 1 Q*£g ; ^184 
fh© s^©iii©-al aiialys^s tiie insecticidaX 'tests (luite 
tsfimite.Jy• Tim treated porti<m which had been shown to have 
4i-@tiB.ct ly l#0t la iis.seeti^isidal also skov-fed a cor ree-
po-Ming decrease in pyrethriji 1 -©extent» It appears eTide:Efe 
that the ohamieal method will, Indioate ar^ real deterioration 
that has taS^eft pla©© ia the p^ethraia isowder. 
Siaae ©offipletiiig this work, §mdiager fl93l) has pub­
lished a paf.er ia ^^hi^ah he writes as follows: 
«• •^ 4: 
"We foimt that iSieji the a©«osipo@© from ex­
posure to air or iie®^t» tlaej form re.siii-oa.s Ijoties tImt are 
in p^ trolem ©ther.-—this is tra@ of "both pyrethrtn 
I -mm II* •• 
Bitec® tJieg® mBtimuB Mtle® fo-naei. on tj^ deterioration 
of tlie pjretiartas :ar« toaolufel# 1» p-strol^ am ©tber, they 
wmnlS. "b© •ana'bl© to iat.srf^re in tii© etoemlesl analysis, fhis 
explain the etoiriieal analjBiB glT^g a good index 
of la®©#ti«idal pov^r mm with doterio-iBtet powder. 
im. 
S-0 lisfastigatlon© aa the Deteriomtioa,: if any, of 
of P^e-thriun. 
It is Batiarall^ Qt mm&i&eSBhl^ importano© to ascertain 
wliet&er fe«aar©®@n© #iKt3?a-ats o,f gjE©thraa deteriorate on stand-
i3ig, ^Imdimgey (ItSl) Jams ^©©©ntlj i-epo^ted tJiat as in*' 
dieat.ed fej aaalysa^©:-^ gfoiaM pyretlifftM flowers de-
terioi^ted as ffliieli. s.s 30^ la two yeare. If saoh, a decom­
position of til# aetiire in-in^ipleB will tafee plae© in th© 
poifl^r,, it womld "b®. of T&lme to aeoertain whether a life© 
de^OBapesitioa of th#;®© aetive |>.riR«slpl©s would take place 
in. keroaene* If sueh deeospositlon did not take place or 
Ettaeh more slowly» it wo^d b-e an advantag© to 
prepare the Jcsfo^^.e ©xtmets of pyrethrciffi shortly after 
the flo*®r8 we-r# harwated* If deoosiposition took plao© 
fester in fe®r©s«ne ^xtrnQte than in the powder» it would 
he ad»nta§eous to store th# pyrethruffl powder and prepare 
kerogane eactraet© on'.iy wher©^ needled for iEamediate use. 
f.hi# la-ohl^w--was In'restigated %y comparing- the differ-
mmm in speeds- of parslytis. action het?/©^ kerosene and 
the e:xtract.,. at the t^i»e when the •©.:Ktraot wa© i^epareS;, with 
those obtained after the ©xtraot had aged for -s-arioas periods; 
in these -mBMm eighty t®n». .and twelve months. 
fh© extraets were kept in corked transparent glass hottleis 
ani wer© exposed to^ alternate eonditlons of darkness and 
light# Inseoti©idal power was Judged as usual hy the speed 
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©f payalytlc aetion. It: ean be said generally that If aa 
©xtrftot feas deteriorated In laseeticldlal power, the differ­
ences wltli kerosene (wlier® tlae speeds for keroseae at both 
tlwes were spproislffiately ®«juai) would to® sfflaller. If no 
ddterlorstlon has tak#ii plaee, the differeaees should be »p» 
projEtmately #qual. Sh© data f^om thes© tests are given as 
follows# 
fable 1§. S«rl@s. IX» S^Msry of T©®ts to Aseertain 
Ifliether E©r©s«ia® Extraets of Pjrethnsffi Deterior­
ate with Ag®. 
^ - 5 ' '"s t ' :iDii"f* be-
s J s sAf©*SO^s ^ttween Ker. 
Sol'Q.tio.as 5§at© ®f iJfo.of:Mo,©fs Down SA^e.^Sand Ext. 
s frlwls ffile®Iteats: Point ? Kill:in 50^ 
; , s ,, s : I sD.P* 
ifeerosene B i^^et* im9t BM m « « Ui • • 56 « • 
Ixt.i#* { 3 t ; s J 86*-
(©repmred 193 ) s&et •; xm^t im « t fi s J 
Eeroaen® 1 sSel-* i$s ? S •' • t s 
l3Et.#l 5 f. •S f ?104-
{Aged. 18 BIOS-*) s i 151 t s 91 t 34 « 
KerO-Sene B ' sy&n. 1§MV' %4i& * u ! 200 i ^1 t 
: s i t t 54" 
par ©d ^o-n • lS-3©) s :E 118 t i 143 t 6t s 
Koros©?!'© B s^ct » lOd « * t t 290 8 M • *. 
Sxt.#g : t t m * • :16a-
(Agmd 10 njos.) t • 109 5 2 t 132 i 29 I 
Kerosea® 1 J s « 2 • « • * • 40 ! 
Exis*^ ^  ifT'®*- ;Mar. xwmt S : • « : 93-
pared gE8;r»193©)i t 100 t 2 s 182 1 62 s 
Koroaen® .1 sHe^'.- •"ilSiSf'" s « * IS^' .^2 • # 
Ixt*# S 5 t £ i £ !106" 
tilged 8 ISO®-#) t • • • 91 5 2 t 76 • « 24 « 
*A11 -©jctraets were 1 lb*»l gal. eonoontrations • 
«• m 
It 1.8 atfl.sa'bl® to ©©«par@ tkeae differeneee when. 
%m mimes for tbe ©peeA of paralytic aetlon of kerosene are 
appr.osdiiately In %o%h msss... la nomm of t.be8e ©asea 
Is tfela t:ra@ mi& this fa.et @feoii.l4 la© @®a®it©red la fudging 
the In tw# ©ats#®..,; fee dlffer@s..c#s do not -vary great­
ly,, '%M tb# tkird oas© t:&© aged extrac^t gav© a muek 
larger tlff©rm©e wltii Iterosm© thm that obtained vnhm the 
#sttra,@t was prepared., I.n all tk© dlffersac^s at tlie 
©nd ©f tte :gttor©d period me larger •feau, tliose obtalnea at 
•th® ti»e th# estraet© w©r@ prepared.. It woald appear, than., 
that the Srer^aea© esctra^ts haire m% deteriorated to aay 
.aotl0#;a&ie ©ixtmt. darlag the sto/rage periods. 
m -
f « til© 
1* lase-etiQidsl m:& 'Shrnsmkm-^^&mlQ Aetlon of KBvose&e 
Sxtra^t® sf fyremrtaa, 
Wli©ii m pj^0thmm estmot is ®ppXl@a to files,. tk©r© first 
.afptar® B p^rlot great S'lstlTity Im whtGh the inseets fly 
al5,omt mpl&lj* B©Ga,» kowe'rer, th« power of eoordinat'ed 
fli.^t f©•t^il,i%rlis»'«r^o^^iF iya.lt#r@e are affected here) 
iB^ lost aarl tfeey t© th® tXmx wlier© tfeey run a'bout 
tl£@ir wiJtgs la a futile attempt to fly. It Is dls-
timetly eiridmt that the kind pair of legs ar® next jsaralyzed 
aad tlie files more .stroixBd traggiag th&sm m the floor* 
fimlly, "both the ether pair of legs are paralysed aad the 
fly falls wer m its 'bm'k* B@for© and after this, the 
wisgp are bMased lrreg'a.l.arly. fiisally, however, all mo'S'eiaant 
(e®a.ses asd the: fly Ib definitely paralysed, fhe aotien of 
keroee»e i® eep.aiderafely like that of the j^rethrtaa extract, 
exeept-lfeat the paralytl# action is mueh slower and the final 
Stat© ©f paralysis is reaehed umally only after much longer 
periods of time.. 
« 
The tm experimests parfomed on the repellent action of 
Sreroeeii© extraots of gfrethrms iM,ioated that .meh aoltitions 
do not imw® a»y •re.iy great rep@ll®»t power s.^inst flies, 
Soiie other T©ry approximate tests indicated t'nat the 
- m. *. 
gases m OA»rs wMlA ar© glrm off % pyrethrtiffi pof#d®re iiav© 
s© ^pfareiit t03ie aettoa to &oa®@ ^hem findings 
©o,rr®'b'®a?at©d tfc'O©® $f mmtmg {l@-30'5. 
A JsjTg® pereetttag® of tiie fli#s j^aralysed "by tlwe strengths 
©f fyrctfejpi® ^istraist ©Qmmoaly meed in household sprays, reocsr er 
®@©a sft©r tfe«r **feo©&©d down'*. It was to ©xamin© th© 
aft#jc #ff#j@tB=» if on th«g# r@co*'sgr^ed file© that th® fol-
lowlag «s|>«.ria@at was farfomed* S0T®ral haadred fliee were 
llMratM is a larg© rccm and grayed with a pyrethnsn ©x-
tract f@f hom0@h©lS ^ray ©tr«Bgth^ mtil th© majority of 
the flies had fallm to th® floor astd wero In a paralysed 
eoBdltion. A eoBsid©ra>l® m«ffih©r of thes© paralysed flies 
w#re gathered at randoa aad raaoTed to a ©age fin which food 
was placed at their disp-osal) where they were kept at ro-om 
teroijaratare'# Only flies which were definitely paralyzed were 
©oisfiaet to this cage,. Withiii a few horars a mmher of the 
flies recoTTered and atpearet. to fee la a normal condition. 
% the ®M of tweaty-fomr ho«r@» a large perceiitage had en­
tirely recGTered. these flies that recovered laid fertile 
e,gg.s which in tmm developed to mature fertile adults. 
fhe exaperlffient demon©fcrated that of th.& flies paralysed 
hj a treatment of pyrethrijiii extract^, the mjority recover. 
fhege recoTered fliee a© well aa their progeny are not af­
fected in aiiy apparent way In regard to life ha hits and 
fertility# fbie e^ertae.nt 1ms fee en repeated seTeral times 
witto tli© remits. 
ttjaieuey toward recoTery after trestment ?fith pyreth-
rmm i®. not a, property whieh InTalidates it© use. Only very 
mall sao«tts of t&e p:pp@1|:hrias are present in such pyrethruffl 
#xtra©ts sM 'by the preparation of more ©oneentrated 
'traets. re-eowry would not o.®emr., 
£•* R'elation^llJ of H«iii-stan©o. ot flioa- to Age. 
^radj (2.9t85 reports liimt •&© flle^e roared lander arti-
fioial eonditions BvLok ae h© dasorifeed were most aetire and 
roMstant at fomr to ^ire dafa of age. It is, of eoarss# 
adfisaM® to lig© tlio file® for ineoctieidal toste at tJbt« 
®g@ wk©n tli@r »e mom% resistant. In or dor to test Grady's 
findii^s well as to tet^irmino this time for the flies 
ms«i in ttoese inT© at if at ions, tfeo following experiments were 
Mde.» 
It was firgt ne^«ssary to olitain a  largo nom'ber of flies 
wMoii had effl#rg®d on sam© day. fhose flios were placed 
in one smffioisntly large oag© .ana at one-day interTal© up 
to t&e serentii daqf of afo^ niastoers were talc en and tested in-
soetioidally witk pyretlirsffi extraots fa one poimd—one gallon 
esEtsaet of a fyretiirtx® powder, 0*E6^ pyrethrin I)* Experi­
ments feaok a© this were perfomed OTer a period frost Janmry 
t© Bay, mi> tlxat tke result® ©homlt repreeent the general 
fly pi^pmlatioffl ©Ijtalatt with, out artificial rearing oon» 
fiiticJUtiB* Siffillar testB w«r@ parto.i!m.e:d with kerosene, using 
flies up to the foarth t.ay- of age* fh© data of these tests 
mr& gtWBn. 'below* 
Serits X. fahle BQ* Smmrj- of tata aoaiseraing the 
r s a i s t a a ^ ®  c s f  t h e  h o u s e  ( M .  i c i a e s t i c a  L « )  
git Tario'a.® 
•• /' 
• / lKO» :Io.0ftAT« ^ara-:Ave . Per cant 
SfSilution J'Age ij t©@t©;,fli©asl^:i0 BS (imt : rill 
^SQthTvm • : i : 6 t 38 5 I fE iD « 36 
1 Ih,—1 gal« « .S I 4 t s 1E4 » * 41 
•; 5 1 t 5 48§ : 155 *• m 
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-A steij of tai«se data hjfing qxl% the foXlowing eoKelusionsi 
1». From th« first to the seventh toy of age of the adult 
r#ii®ts»© to th# toxic a©tloa of pyrethrtim ex-
tra.ets as IMieat^a, "by the mortality, deoreaBee vAth-
ag©> Th# flies mppear to he most resistant when they 
ar® from M to 4i- hours old. 
fh# resietanee to th© paralytie action of the pyreth-
rm extract defiiaitely ijiereas«s wil^ age; that is, 
older flies ©asjiot h© paralyzed a® as younger 
flies* 
With Srerosme, the r#suite appear to he generally the 
©asie^ ©xeept that the jmsiet^nee to the paralytic 
aotion of liero®®# does not appear to rary greatly 
•with age» 
l)uri.ng- ^e gre-ater part of sll the foregoing reeearches, 
two-day old flies were used# For any one gseries, flies of 
th© same mgeg were alwi^s effiployed.. 
Seasonal "Variation of the leBletane® of Flies* 
As te® heen preiriously mentioned, the resistance of exiy 
one lot of flies was usually ^ui-te unifortn. However» the 
reeietmno'® of thm Tatrioa© lots of flies varied greatly 
frOE weefe to weel: and »nth to ssanth:* fo illustrate this, 
the fflortmlity produeed hy 1#6 e»©, of kerosene on t®ro day 
old flies in tests made over a period from January 15 to 
April If50, ar© gifea. 
Table Zlm Sojrta'li^- froaasM Kes^sese. |1*6 c«e.) ] 
©m S-aay dm #li«B Dwln^- .tajfl-oa from Jaia. 1§-April 1, 
»n1:ii • "t •' •• 
1930 t lW:©«at. Killed, after .,S4 Eoar,s 
mmrntw m m m m ff 
t 
w^ umr i-6 fg se m m si 21 M 9 ss £9 56 48 
••,. 
March *51 43--sf IS Bf m m M- m m 75 m m ei m m 46 
. % . ; . 
fhe mmm$& mortal 11^ -Qwm tM# petlod was with a 
mxiiaasa €>f 81fl sad a atoitofflB, of As ims "been preTriously 
the re si at am#© of mf m& lot of flies was usually 
t^ts miforsi* for ©xsmfls:, om th« daywhm fe©rosene killed 
omlf of liie flie®., the general reslBtaiiGe of the flies 
Tsrlei aromd that falme (eictimet 1 Ib.-l gal, Idlled EO^ 
o-n that d^.) # Siffiilarlj,, - oa the day when Iceroseiie killed 
@1^ of me flieg, the e-xti^ot fl 11>,,^--1 gal.) i:illed 
The eamses of this seasoml Tariatiom of the resietanoe 
ot lOie flieg are mkmm.* It is t^ite posslMe thst if the 
reariag ©etia and eair-ir'tifflieiit eould le ^tmdardlaed to a 
still, greater ©.%teiit-*^'bef4>,re testliag as well as dmring and 
after teatiag-:-that the flies ootiia he kept at a muoh more 
mmmtmmt leFel of resistasee* If this were found to he so, 
the lasaaher of tests la amy ose series could proh-
mhly redmeed a»d results of etual or greater slgnifioanee 
eoald he •ohtaiaed* 
¥. DISOUSSIOl 
Siss® th& of tt.e r©seai"©li oa the development 
of tM in:8.0«tl.©ital ia®tte4,, an afe-stafs^t of a paper W. 
lBm0immn (itiOl lia© ©©ine to tfc^ %rit©r*s att®ntion» This 
itfeitafaet (from th® He-new ©f asitomol^gy, I>«c@®Eb©r, 
1950) report© that in B^«to®aan*.s ©35i)erifflemts.» ©xtraote of 
pyr^thrma pow&ar were t«et®t qu ©oeferoaeheB, "b^abuge and 
Mum® .file-#, fke gr^dml ©f'f@et -on the nerToa-s &y©tein laad-
ing ap to t»tal paralfiris is tes©rlto©&* It is ©lalmed that 
tfe.# ffi#thod mmA r©nd@rs i»o:@si1jl© sa ©xaet phyBiologioal 
gmding of pyrethrtaR inii®@ti:eit#@^» IJ|> to this time,» th« 
original psf«r eomld mt ibM o^tmiasd# 
Sem® :a©®i®mt0 from ®th«r la^ratories cm the results 
©^taia©€ with th® iaBeetieitsl ®©thod herein d®soribed 
li@*-e alr«aaf 1©^ r#©#iT#t» It i© ©mrprisi^ to thsse 
®tli©r inT@atifators that th® titfsr^ees in mortality be-
tw&m. S:er»@:aii© ant ti.ie wmtmt pyrethri® extract are not 
greater ; for with th© Pn^t.-Srady ffi-ethod which has he-en in 
mse up t© thi,® tSiae#. k@r&s«fte ha© al-sfsys heen diatinctly 
leits to-xie (in reptrt to ©©rtalitF) than even the wealc 
prrethnao extr«#tf » With the isethod herein deserihed, only 
«®11 dlffer«i^08® tef# he«a i^tieed in these two solatlonB* 
It. is t^Bght ttot the &i.ffer«Qt .resultB oh.tained with the 
f f 
eaa "hm ©s&plmineA as fellows* 2fe© oil aroplete 
wkiaii fall ttirixig m© pro©0dar© of thm Beet-Srady method 
m%. a%©©r"b#d feat r&mlm lia^posed q» thm surface. {55ie 
«Eirfae.© i« fai*it«d with a eodltim silicate 
p.siiitj» if-k#ii. thm paralysed fli@© fall, they "beooiBe ©»» 
tamgled in. t&is oil smt r©«©iTe larger do©:©g of ineeetieide, 
tiian. tlios® wkl«sla r^iaain mi the Bide® and eeiling. With k©zo-
tmwr flies are par&lyK®d thaa witto even tfe© weak 
pyrtth.riis #xtrae-t®« e©:»s#ttt«ntly» 5sore flies reeeive larger 
dose© of i:iiS'e«ti@l€©. when a pyrethru® extract is appliod 
tfeaa wfaen keros^®-^ is ^ray#d iato tiie eliamfeer* This woiild 
mpi^ar to ©a®lai» ^-e ls..rge differenees Xn mortality 
..ar© ofetaimed, witxi the Beet-aimdy metbod* With the method 
de'wel^ped im th#B« luTefjtigmtioRS, pieee of heavy paper is 
plsoeS st the tetto® of the ©age* Oil droplets whieh 
fall taring tests are ad©ort»ed b© thmt tiie flies ndiich 
fall do aot eataagle theaaelfes in- am exoess of iaseoticide 
and as a ^omsetaen-ee do mt reeeiTe asy larger doses of ia-
»##tieid® thftR those flie# i?fei©h r^waisi on the sides of the 
testing mm* 
the fiisdimg' that the extraetir© effloieia3y of kerosene 
mriee ^ith the degree of fiaeEees of the powder might he 
explained hy the followiiig ohs-erfatioms. from the worJc of 
pre'^lom# i«iirestigatorg (serad., 1%W^ Tamsffloto.* Itlf, Snadinger 
and 0orl, 1®^» Sfel^jiiiiell and coworkers, 193DJ it is well 
^9 — 
known fefeat %h& pria#lpl@s of prrftlrnvm are largely con-
©entfra-ted in t-li© aclieij©# seedf of the flower head. 
aeteemes ar# i® th®®jiel^©3 irery ams\ll organs and when 
\ 
flow©ra ar© either IS, 20, 30, ior 45 mesh, a micro-
S00pical ©jcaittination -shows that fflsnj ©f achenes are iiO"fe 
fer©feen mp. On fehe ©th@r hand, with the M© me«^> powder, the 
•'i \ 
aehemes ar© entirely erushed aiwl broken a fine powder-j 
fhls eamshing. of th© aehenes nat\irally leads to a greater 
extr&eti'^e ©ffieleno^^ hj kerosene or hy ai^y ^ther solvent of 
\ • 'i 
the 8#tif=e |s3?in®i:pl©s whleh they eontain. \ "v 
At the present ti»e, the etoemieal ai.©thoda\ by no means 
•generally aoeepted a# aesurate Indieators ojf ijitus^^^ticidal power, 
^atterefield |l#g9) has. shown that th© pyre^h:^lh i'-, eontent pro-
Tides an aeeurmte indie®tion of the toxic pi^w/^r bf f>yrethrtam« 
0nadlnger {1#30) has d«®onstrated that the , tcifesil '"^yrethrin 
eonteat also provides an index of insecticidftl pow^^r# How­
ever, he maintsina that- "^fatterafield*® theory that\pyrethrin 
I content give® a reliable index of toxiolty is incoifreet", 
Me5#Bnell «»d eoworkers .(IPSO) @onel»de _^r©ffi t/heir eitperi-
ffients that none of the ehei»le-8l methods/^ kre eAiirel^  desir-
ahle. Bat the research eoiapleted here ^^ ppea^ ?s\ t<j deaionstrate 
t h a t  t h ©  p y r e t h r i n  I  © o n t e n t  a s  e s t i m a t e d ,  h y  f « { t t ^ r » f i e l d»s 
aeid metrod gi^es an entirely reliabl^ index oji' lnse<jt;icidal 
i 
P-0Wr;r* ] ' 
lA 
; • •' " 
It has heen hroiaght out hy Tatteriijfleld his eowor|cers 
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iwm} that I II teBt to b© px-esent in ap^ 
pro-xliaately ©t^imlemt ^omnts In pyrethram fl.ow©rs* 
Gnaclinger (19£9) bases his table for the calculation of the 
p^T^thrttiB o» the aestnaptio.ii that this is so and statee that 
th© «rror made ia this way will be small* Both iinrestlgator s 
appeal^ to agr#©# theia, that the pyrethrins are pre sent in 
approximately •et^i'ralent a»oimts* It appears reasonable, 
•Kien, tlmt the analysis of either pyrethrin I or the total 
pyrethrtM I ana II ^oult gire an aooorate intex of in-
seotieidal power.» no matter T^hat the relative toxicItes of 
these two substances are„ Judged by this view, the research­
es of both fattersfield and Gnadinger are in much better agree­
ment. Martin md fattersfield in © recent paper "which has 
cose to our notice (Itgl) have reported studies on the evalua­
tion of pyrethrua flowers# fhe copper reduction method of 
Snadinger and 0orl ant the lon^ acid aethod of Tatterefield, 
Eobson, and Siaingham have both been raodifled* fhe change 
in the acid method is concerned largely with a more thorough 
©aponification and esitraetion of the pyrethrin II in powders 
of high pyrethrin eontent, 1?he pyrethrin I eetination re­
mains unaffected and i@ aceurately evaluated by the method 
already described. Both ©odified methods agree vej^ well 
in their reiiulte and good coneordances were found between 
these analytical data and inaectlcidal tests,. 
fm> new methods are put forward for the analysis of the 
pyrethrlns* Both depend on the reducing powers of the 
80 
fylretliria© to a stsadart alkaliae potassimm ferrlcjanide so~ 
ImtioB and wmm a©¥®lope4 to ena'ble tiie rapid and approximate 
estimation of ameli ©mailer SBGimts of oitadiilt©rated samples* 
fii© "ralm#s oMalued with these methods agree irery well with 
the other ©hemloal aiaalyses.. 
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TI. SWSIARY AlU CJOlCitJSIOHS 
1. An iMseefclcMsl mefchM with th.® liousefly (Mtasca domes*-
tlea as the ®3Cp@Fiiaental Inseet has been developed which 
makes possible aeetirat® eTalmation of kerosene extracts of py-
rethrtaaa^ Small dlffer©ne@s In the eoneentratlons of such ©:x;-
traets may be detected by means of the paralytic point {the 
tlm# wh@a 5©^ ©f the flies ar© psralyzed). fhe mortalities 
prod^ecd by Tariotis dilutions of pyrethnim extract w©r© not 
fomid to b© Tis@fy;l criteria for rccogniaing small differences 
in eonecntration* fhroughomt this research^ ©v^uations of 
imsectieidal power ha^e been largely made by laeans of the 
speeds of paralytic action, 
2* ^e raost efficient kerosene fraction, from the in-
secticidal standpoint, for use in preparing kerosene extracts 
of pyrethriaM w«.s that distilling over between the ranges of 
: 
375® to §10®F. Kerosenes of lower boiling rauges were dis­
tinctly less toxic both in speed of paralytic action and 
mortality after twenty-four hotirs. Fractions of clc® er cmt 
boiling ranges irarying between 400® to 5G0®P, were approx­
imately the sesi# in toxicity. Kerosenes refined with liquid 
swlpbmr dioxide {Ideleanm process) showed little difference 
in toxicity fro® other fractions of the same boiling range. 
3. Insecticidal tests indicated that kerosene percolation 
- 82 
(»eeoF<31 mg to tb@ rati® ©f one of pyrethrum powder to 
©n© gallon te#ros@me) extracted I'S to Q©^ of th© active py-
r®thrifis from coarse powders (15 to 45 mesli), With very fine 
poinSers (SOO «©sh) the ©xtraetive efficleiioy was in<^®aaed to 
atoomt 
4» fattersfl©M*s long and short acid methods for th© 
aaalysls of pyrethrin I were each found to give duplicate 
results, Bi© ^altios with the long acid method were always 
slightly greater, fhe pyrethrin. f ©ontent of several differ­
ent pyrethriia powders was foiand to give an a®ourat@ index of 
the Inseoticidal power of kerosene extracts of the respective 
powders. Further testa indicated that the chemieal method 
estlraates the actual inseeticidal power of a pyrethrura powder 
even when deterioration has taken place* 
0. Inseotieidal tests on kerosene extracts of pyrethrum 
which had feeen stored for eight.,, ten, and twelve months re* 
spectivelyj. indicated that no deterioration had ocotarred, 
6* Flies which recover from an applieation of kerosene 
extract of pyrethnam appear to be nonaal. fhe fertility of 
such fliea as well "as that of their progeny does not appear • 
to have heen ifflpaired. 
f*. f J les reared according to the method descrlhed ar© 
fflost resistant to kerosene and kerosene extracts of pyrethrixm 
when trow, twe'-'tty^^fomr to forty-eight hours old. After this, 
their resistanc©, as indicated by mortality, decreases wit& 
83 — 
•age-, fha resistaae# to the pajealytle aetion of kerosene 
extracts o£ pyr'&thmm inci^egses ag®; wit^ kei-oB^ea® 
appeai^s to l>e llttl© tiffereaet is this respect* 
» 34 -
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